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lie  ccmputer  program  calculates  the  supersonic  flew  ever 
a  cere  ii  air  or  water.  The  irain  objective  is  to  calculate 
the  ccce  semi-vertex  ancle  given  prescribed  initial  cendi- 
tions.  Ihe  program  is  written  in  structured  FCHTiiAN  and 
inplenents  Buseiann's  graphical  integraticn  technique. 
Supersonic  flow  over  a  cone  in  water  is  useful  as  a  good 
first  appi cximation  tc  the  motion  of  the  aetai  jet  frcm  an 
explosive    shaped-chaice    fired    underwater. 

A  tvpical  result  for  supersonic  flow  over  a  ccne  in 
water  is  as  folios:  given  an  upstream  temperature,  223.16 
Kelvir;  upstream  pressure,  1  far;  shock  angle,  20.0  degrees; 
and  pressure  behind  the  shock  front,  5  kiiotars,  the  ccne 
semi-vertex    angle    is    calculated    to    be    7.23    degrees. 

Generally,  pressures  invcived  in  water  flow  are  much 
larger  than  for  air  flow,  and  the  cone  semi-vertex  angles 
for    water    flow    are    saaller    than    for    air    flew. 
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The  solution  of  the  hydrcdynamic  equations  describing 
supersonic  flow  ever  a  cone  in  air  has  teen  well  known  since 
the  1S30's.  Until  recently,  the  problem  of  descritirc  the 
flow  ever  a  cone  in  water  has  been  limited  to  solutions  of 
the  subsonic  case.  Erimarily,  calculations  were  United  to 
subsonic  flew  because  researchers  believed  that  supersonic 
flow  in  water  was  not  feasible  for  normal  vessels  {such  as  a 
ship).  Fcr  ordinary  vessels  in  water,  it  is  certainly  true 
that  supersonic  flow  past  that  vessel  is  highly  imprciab le. 
However,  the  motion  of  the  metal  jet  from  an  explosive 
shap e d-ctar ce  fired  underwater  is  supersonic. 

Ibis  thesis  presents  a  computer  program  which  calculates 
the  hydrcdy ramie  flew  past  a  cone  in  either  water  ci  air 
under  supersonic  conditions.  The  program  utilizes  the 
methods  developed  by  previous  researchers  fcr  calculating 
the  supersonic  flow  in  air  and  which  nave  been  suitably 
modified  to  describe  the  conditions  in  the  water.  Such 
irodif icatiens  include  utilizing  the  modified  lait  eguaticn, 
which  is  the  "thermal"  cr  "thermodynamic"  equation  or  state 
for  water,  to  describe  the  -hysica.1  state  of  the  water 
rather  thar  the  perfect  gas  lay  used  for  air. 

Id  actuality,  the  cone  liter  in  the  jet  from  at  explo- 
sive shaped-charge  is  blunt-nosed  rather  than  conical. 
However,  solution  ci  the  conical  case  is  a  preliminary 
requirement  to  solution  of  the  actual  blunt-nosed  prchlem. 
The  solution  to  the  conical  flow  case  will  serve  as  an 
excellent  test  ^rograi  for  the  solution  to  the  blurt-r.csed 
problem.    This   thesis  presents  a   solution  to   the  conical 
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contiruirg  research  into  the  problems  of  utilizing  explosive 
snap e c-ciar ges    ir    ar    underwater    environment. 

E.       ailECDCICGY 

lie  computer  program  presented  in  this  work  was  origi- 
nally developed  in  the  BASIC  computer  language  usirg  a 
Hewlett-Packard  HP-6"/  computer.  That  program  is  the  rasis 
for  this  thesis-  It  was  desired  to  translate  the  prcgram 
into  a  higher- order  computer  language  for  executicn  en  a 
large,      mainframe      cemputer    system-  This    translation      was 

desired  in  crder  to  make  the  prcgram  more  readily  accessible 
to  a  wider  body  of  researchers  and  ir  order  to  speed  the 
execution       time      of       the    prcgram.  In      this      thesis,         the 

icilcwing    gcals    have    teen   accomplished: 

•  Successfully  trarslate  the  program  frcm  BASIC  into  a 
higier-crder  lancuage.  This  goal  was  met  by  utilizing 
PCflfAN  as  the  high-level  language  of  choice.  T*hile 
ICETJAN  has  aany  drawbacks  as  a  high-order  language,  it 
is  still  widely  used  in  the  scientific  community. 
ICETEAN  was  used,  therefore,  so  that  the  program  will  he 
useful    to    as    wide    an   area    cf    researchers    as    pessihie. 

•  Iclicw  modern  prcgramming  practices  in  the  design  and 
i up lemerta ti en  oi  the  program.  As  before,  the  choice  cf 
PCPTIAN  as  the  high-level  language  maxes  this  goal  some- 
what mere  difficult.  However,  many  computer  scientists 
have  demonstrated  that  structured  programming  practices 
can  he  achieved  using  PCBlfiAN-  To  the  largest  extent 
pcssitle  structured  programming  practices  have  been 
u  tilize  d. 

•  Iresent  a  "user-friendly",  well-documented  program.  In 
this      regard,      literal      use      of      comments    occur      in      the 
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€tailec   flowcharts      *'hich    demonstrate    the   logic 


ficciai      are   included.  In    additi 

interaction      witi    the       user,       the 
verified   befcre    tie    prograa    executes 


d  ut    t  c 


ci    the 

,i  m  ted 


user's   responses 
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II-  fONDA3ZNIAI  EQUATIONS 


2.   EiCKGECDHD 


The  first  ste:  necessary  tc  describe  supersonic  flow- 
ever  a  cone  is  to  calculate  the  thermodynamic  properties 
across  a  shock  wave.  The  basic  research  into  the  chance  of 
ther medyranic  properties  across  a  shock  wave  in  water  was 
extensively  conducted  and  reported  upon  in  Uncjer  water 
Explcsicr  Research  [Eef.  1]  during  and  just  after  Kcrld  5iar 
II.  Ice  test  summarization  of  tnese  works  can  be  fcurd  in 
Cole  [Eef-  2], 

The  primary  source  used  as  reference  for  the  calculation 
cf  tie  t  jdr  cdyna  lie  properties  of  sea  water  at  the  frcr.t  of 
a  sheck  wave  is  the  wcrk  of  Richardson,  Arons,  and  Kalverson 
[Eef.  3 j-  Ihey  utilized  graphical  techniques,  which  were 
rather  crude  and  tedicus,  tc  calculate  the  ther medy raarc 
data  needed  tc  describe  the  conditions  of  the  sea  water. 
Euhs  [Eef.  4]  used  tie  work  cf  fiichardson,  et_ai-_,  [Eef-  3], 
to  develop  a  computer  program  for  the  HP41CV  hand-held 
calculatcr  which  efficiently  calculated  the  same  theiiccy- 
ramic  properties.  Euhs'  [Eef.  4]  programs  provided  the 
lasis  for  the  FORTRAN  subroutines,  used  in  this  work,  which 
calculate  the  same  thermodynamic  properties  such  as  pres- 
sure, temperat ur e,  and  density. 

Ihe  fundamental  equations  used  to  calculate  the  thermo- 
dynamic charges  which  cccur  across  an  obligue  shock  frcrt  in 
air  have  teen  well  knewn  f cr  decades.  These  equations  are 
exceptionally  well  described  in  Kinney  and  Graham  [Eef.  5] 
and  fcrm  the  basis  for  the  initial  calculations  fcr  the 
superscnic  flow  past  a  cone  in  air. 


1  1 
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ramie  state  ci  air  is  the  perfect.  3as  lav.  In  water 4  the 
modified  Taut  eguaticu  is  the  equation  nest  often  used  to 
describe  the  tnermed  y  ramie  state  of  the  water.  The  modified 
lait  equation  can  be  used  tc  describe  eitner  pure  water  or 
sea  water.  The  fori  cf  the  modified  lait  equation  used  in 
this  thesis  was  taker  from  Hcit  [fief-  6],  whe  has  continued 
to  perform  research  ir  underwater  explosion  phenomena.  An 
excellent  discussion  cf  the  modified  Tait  equation  and  how 
it  car  he  utilized  is  contained  in  fiowiinson  [Eef.  7]. 

Alter  tie  thermodynamic  properties  cf  the  water  (ci  air 
as  the  case  may  be)  en  the  downstream  side  of  the  shock 
front  ha-se  teen  calculated,  an  iteration  metnod,  utilizing 
an  automated  graphical  censtruction  first  developed  by 
Eusemann,-  [Eef.  8  J,  is  used  tc  progress  frcm  the  shock  frcnt 
to  the  ccne  surface.  The  equations  needed  for  use  ry  this 
iteraticr.  method  are  iuiiy  described,  for  air,  by  Shapiro 
[Eef-  8],  who  desciibes  their  development  and  use.  The 
methods  which  apply  tc  the  flow  past  a  cone  m  air  can,  with 
the  necessary  changes  made  tor  the  differences  in  the  tner- 
modynamics  of  the  two  fluids,  be  used  to  calculate  the 
conical  supersonic  flow  in  water.  These  calculations  form 
the  basis  for  the  nain  part  cf  the  FOETEAN  program  %r,ich 
follows.  It  should  be  noted  here  that  Shapiro  also  pcints 
cut  the  pioneering  wcrk  of  Taylor  and  3accoil  in  the  1S3C's 
and  1S40's  on  the  methods  cf  solution  of  the  flew  over  a 
cone  in  air  problem  [Fef.  8  ]. 


E.   GOEEAI  EQUATIONS 

Ir  the  development  of  the  equations  which  follow,  it  is 
assumed  that  these  equations  can  be  validly  used  tc  calcu- 
late the  flow  over  the  cone  in  either  air  oc  water.  Ihe 
equations  were  primarily  developed  by  Shapiro  [Eef-  8^  for 
flow  in  air- 
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as  a  result  of  the  sleek  front,  it  is  assumed  that  the  fluid 
properties  kill  remain  constant  on  imaginary  cones  havir.g  a 
cemmer  vertex.  By  this  as  sum ption,  the  flow  past  the  ccne 
can  re  calculated.  The  flew  geometry  is  illustrated  by 
figure  2.1  ana  figure  2.2,  which  snow  a  typical  strearrime 
and    its    image   in    the    hedograph    plane. 

As  discussed  thcicughly  by  Shapiro  £fief„  8],  there  is  a 
disccr t inucus  change  in  both  direction  and  velocity  acrcss 
the  chlicue  shock  frcnt.  Pcints  1  and  2  (see  figure  2.  1  and 
figure  2.2)  lie,  therefore,  en  a  common  sheck  pciar  shich 
originates  at  point  1.  Between  point  2  and  the  pcict  's', 
wnich  is  en  the  cone  surface  only  at  infinite  distance, 
there  is  a  regicn  of  conicai  flow  where  the  stream  prcper- 
ties    vary    cent  inuouslj.  The    velocity    vector    to      the    point 

's*  ir  tie  hodograph  plane  defines  what  is  called  the  ccne 
semi-vertex  angle  with  the  centeriine  axis.  In  the  metheds 
which  fcllcw,  the  ccne  seal-vertex  angle  is  the  variaile 
which  is  ultimately  determined.  Further,  as  pointed  cut  by 
Shapirc  [fief.  8],  since  all  streamlines  in  the  flew  experi- 
ence the  sane  entropy  jump  acrcss  the  shock  front,  the  flew 
hetween  tie  shock  iicnt  and  the  cone  surface  is  both  isen- 
tropic    arc    irrotatiorai. 

lie  second-crder  differential  equation  which  actually 
cescrires  the  flow  ef  the  fluid  past  the"  cone  in  air  is 
fully  cevelcped  my  Shapiro  [fief.  8].  Shapiro  notes  that 
there  are  tfco  methods  commonly  used  to  solve  this  eguaticn. 
Cne  jiethcd,  developed  first  by  Taylor  and  Maccoll  £Bef.  8], 
performs  a  rumerical  integraticn  of  the  equation.  The  secend 
methed,  which  integrates  the  equation  using  a  graphical 
construction  method,  was  first  developed  by  Busemann.  Ihe 
progran  developed  in  this  thesis  utilizes  Busemann's  metned, 
modified  fcr  performaice  on  a  modern'  high-speed  computer,  to 
perform  the  integraticn  of  the  full  second-order  differen- 
tial   eguaticn. 
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figure  2.1    Sicck  Cone  and  Typical  Streamline 
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the    sp^ericsl      coordinates    r    an     _     save    seen    usee:       »it 
ccrr estcrdirg      velocitv    com  pen  en ts      V         and      V       (see      f 

*  *  r-  ^ 

2.3)  .         Crlv   the      priuarv   ecuations      wnich    are      used    in 
computer    program   are    presented    in      this    thesis.         A    cet 


derivatj.cn 


the      eguatiens      can         he      found      in 


[Bet*.  S],  and  need  net  be  repeated  here.  The  a  omened 
used  in  the  equations  developed  in  this  cnapter  is  det 
in  laile  I-  In  keeping  with  modern  thought,  the 
(meter-xilcgram-secord)  unit  system  has  been  used  thrcu 
this  thesis  except  icr  occasicnal  lapses  during  the 
calculations  when  pressures  are  referred  tc  in  ur.it 
kilcia is . 

rici    the   geometry    of    figure    2.3,    it    can    be   seer    tha 


i^cre 


tne 
a  1  i  e  a 
a  p  i  r  o 
2  ■•  u  r  e 
ailed 
.M-K-3 
g  h  c  u  t 
water 

£        Of 


V 


=   v  ccs  ( oj  -  e ) 


and 


CO 


=    -V    sin  (< 


») 


CD 


In  the  development  ci  tne  actual  second-eras:  differentia, 
eguaticn,  3hapirc  [Refo  8]  shcv»s  that,  due  to  the  ccnditio. 
cf    irict aticnali ty ,     the    following    relation    must    re    true: 

dV 


dCU 


Lif  f  ei  entia  ting    Z^n.    2.1    with    respect    to    jj    ,    one    obtains; 


dV  jQ  jy 

— —  =   -V(l    -  =2.)    sin(o)   -  9)    +  21  cos(a>   -   0) 

dec  dco  dcu 


(2.3) 


and 
dV 


CO 


dcu 


-V(l    -  ^-)    cos(co   -   9)    -  ^  sin(co   -   9) 

dco  dco 


(2.4) 
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Figure  2.5   Cone  and  Flow  Geometry. 
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Eut,     tics    Zen '2.1    and    Egn    2.2,    in    can    ne    seen    that: 

dV  _ 

—^  =  V     =   -V   sinU   -  S)  U*3) 


Substitution   of    this    resuit    intc    Zgn    2.3    yields: 

de  _         d^ 

dco   "   Vtan(co   -   0) 

Shapiio  [Bef.  8]  shok£  that  the   equation  governing  the  flew 
in  th€    ccrical  regior.  is: 

k  -   1  dVco       2  2  2 

(      -      )(2V     +  V     cotco  +  3-^)(V  -  V"   -  V   ) 

2  r  co  dcu  max  co  r 

(  z  .  /  J 

dV  rfv 

r   dco  co  -: — )V 

dco        co 


.      .  .  d6 

Eliminating     -j—     from      iign   2-4      and    sunstit  uting      the    ex^res- 

daj  dVr  dV, , 

sions    fci    V      ,V      #     -j— -  and   — r;         given    by    r,gns    2.    1 ,       2.4    and 

r  co  acu  daj 

2.5,    intc    Zgn    2.7    gives: 

sin8 
dV        Vsin(co   -   9)    sinco 

dco"  "     ___2  .  2,  (2-5) 

2V  sin  i'i)  -  o) 

(k  -  D(v2   -  v2) 
max 


Eesignating  '£'  as  the  radius   of  curvature  of  the  hedecraph 
streaniire,  one  cbtair.s: 

r  ■      .    ,   dV  ^  ,  (2.9) 


sin(co   -   6)dcu 
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Ey    ccniirii g   Zqn    2.S    hith    Egr    2-c,    one    arrives   at  : 


sin-  -     .- 

'  TT^T  U-1G) 


R  -  Sin 


.   2V     sin    (^   -   9) 

(k  -    1)(V2        -  v2) 

max 

Eut,     the    energy    equation   asserts    that: 

c2    =    <±^-k    (V2-        -   V2)  (2.11) 

2.  max 


there  icr e 

sin6 

V   sinoi 
R    — 


V2    sin2(cj   -   9)  {2m  U> 

2 
c 

where  c  is  the  local  sjeed  of  sound  in  the  fluid. 

Equation  2.12  is  the  basis  for  the  calculation  ci  the 
supersonic  flow  ever  the  solid  cone  in  either  air  cr  water. 
Ihe  graphical  integration  method  invented  by  Busemann  is 
adequately  explained  in  Shapiro  [Ref.  8]  and  need  net  be 
repeated  here.  Essentially,  the  computer  program  given  in 
this  work  automates  the  Eusemann  graphical  integration 
methec  for  calculating  the  cone  semi-vertex  angle. 

C.   ECOailCKS  SPECIE1C  TC  A1E 

Ihe  equation  of  state  for  air  is  specified  by  the 
perfect  gas  law  (under  the  assumption,  that  is,  that  the  air 
tehaves  as  a  perfect  gas).  This  law  is  quite  elegant  and 
simple  and  allows  easy  manipulation  to  obtain  various  guan- 
tities.  The  form  of  the  perfect  gas  law  most  often  used  in 
the  calculations  of  this  thesis  is; 

p  =   pET  (2-  13) 


1S 


L..  c       c  -  c  w  a  j.  . 


;riversai  ^as  corstait, 


-as  cc:itd. 


an 


re.atea  :c  t. 


A 

M 
a 


(2.  14) 


In  eguaticn  2-14,  M    is  the  molecular  weight  ox  the  air. 

Ir  air,  the  charge  in  the  thermodynamic  properties  of 
the  gas  as  it  cresses  the  shock  front  are  easily  calculated, 
as  shewn  ir  Kinney  ard  Grahaa  £Ref-  5].  Since  most  ziuii 
dynanics  textbooks  illustrate  the  de velor ment  of  the  equa- 
tions ihich  follow,  it  is  net  necessary  to  derive  them  here. 
5s  merticned  previously,  Kinney  and  Graham  [Eef.  5]  prcvide 
exceptionally  lucid  explanations  and  derivations.  The  prin- 
ciple equations  used  to  calculate  the  thermodynamic  chances 
which  cccur  across  the  shock  front  in  air  are  as  follows: 


tan(S  -  6) 
f    tanS 


2  +  (k  -  1)  M2  sin2S 
(k  +  1)  M2  sin  B 


(2.15) 


Eguaticn  2.15  is  used  to  iteratively  determine  the  deflec- 
tion angle  9  .  Ail  ether  quantities  in  this  eguaticn  are 
known  (i.e.  3  is  the  shock  angle  and  M.  is  the  ireestrean 
Mach  number,  bcth  cf  which  are  input  parameters  to  the 
prograa  for  the  air  calculations). 


[M2sin(B  -  9)] 


2  +  (k  -  1)  M2  sin23 
2kM2  sin26  -  (k  -  1) 


(2.  16) 


Having  determined  9  from  eguaticn  2.15,  eguaticn  2.16  is 
used  tc  determine  the  aach  nuttier  on  the  downstream  side  of 
the  stcc*  front. 
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'2  '     2  '        2  '      2 


Shock     Front 


figure  2.4    Gecaetry  cf  the  Oblique  Shock  Front, 
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I.   ECG13ICSS  SPECIFIC  10  SATIE 

II  ccitxast  to  air,  which  has  a  relatively  elegant  a  nd 
simple  state  equation ,  the  equation  o z  state  for  water  is 
rather  acre  co mp lica ted.  The  nest  commonly  used  state  ecua- 
tion  for  water  is  known  as  the  modified  Tait  equation,  which 
may  re  written  as: 


■  D 


n 


p  =  B(S)[(^)   _  1 

P 


(2.  21) 


where  £  {£)  is  a  slowl}  varying  function  of  entropy  alone,  n 
is  at  tr  cximately  a  ccrstant  equal  to  7.15,  and  is  the 
value  cf  the  density  for  zero  pressure.  The  above  equation 
is  from  Eclt  [Eef.  6],  but,  in  different  forms,  it  is  also 
described  quite   extensively  ir.  Cole   [Eef.  2],   Eicharescn, 

et^ aJU,  [Eef.  3]  ard  Eowiinscr  [Eef.  7  J.    As  mentioned  in 

the  Introduction  to  this  work,  the  modified  Tait  equation  is 
the  "tteical"  equation  of  state  for  water.  Cole  [Eef.  2] 
shows  that  the  modified  Tait  equation  is  of  the  form 


a,cv  rrv(T,Q), 

p =  B(b)  [(vTf^y) 


n 


1] 


(2.22) 


or,  in  sinzier  terms, 


i    =    P  (v,T) 


(2. 23) 


Since   the  full   modified  Tait   equation   relates  the   three 


ther icdy raaic  quantities  of  p, 


and  T,   it  is  called  the 


"ther nod ^na nic"  cr  "thermal"  equation  of  state. 


zz 


Similarly,  in  contrast  tc  air,  the  thermodynamic  changes 
shier  cccur  as  a  result  of  the  sjiccx  process  in  water  ca.~r.ot 
re  easily  delineated  ty  simple  equations  as  in  the  air  case, 
However,  a  simplification  can  ce  made  in  the  water  case 
because,  urlixe  in  tie  air  case,  the  pressure  jump  across 
the  shock  in  water  is  so  very  large.  In  air,  pressure 
changes  acrcss  the  shccx  iicct  en  the  order  cf  1  tc  2  oars 
are  considered  large  (at  least  for  chemical  explosions).   In 

contrast,  as  pointed  cut  hy  Richardson,  et . ai. ,   [Eef.  3], 

the  pressure  jump  acicss  a  shccx  in  water  is  en  the  crder  cf 
xilctars  tc  tens  of  iiiobars.  Therefore,  the  calculations 
can  he  simplified  hy  specif yirg  the  pressure  on  the  dcwi- 
'trean  side   of  the  shccx  front.     This  is  valid   since  the 

upstream  pressure  is  sc  small   in  comparison  to  the  upstrsam 

2 
dynajric   pressure  p1  T?1  /2   and   in  comparison   to  hcth   the 


1 


1 


downstream  pressure  aid  dynamic  pressure.  The  specification 
cf  the  dcwEstreaa  pressure  is  accomplished,  in  tne  prcgram 
cf  this  thesis,  by  allowing  the  user  to  input  a  "pressure 
multiplicat ion  factor  (MfACl)  "  ,  which  converts  the  pressure 
upstream  tc  a  pressure  downstream  at  point  2  which  is  given 
ty: 


p   =  p  2       MIAC1  1    1000.0 

2     1 


(2.24) 


The  lactcr  1000.0  ir  equation  2.24  converts  tne  right-hand 
side  cf  the  eguaticn  from  a  pressure  m  cars  to  a  pressure 
in  xilotars.  As  an  example,  if  p  ,  is  1  bar  and  MFACT  is  5.0, 
the    pressure   at    point    2    downstream    will    he    5    xilobars. 

It  can  he  shown  that  the  simplifying  assumption  made 
above  is  entirely  valid  by  considering  the  momentum  eguaticn 
for    steady    frictionless    flow    along    a    streamline.     The 
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cue—  dimersicnai    aomertum    equation    stares 


pl    +   P1V1/2    =    ?2    +   :2V2/2 


(2. 25) 


Kow  r.cte  that   topical  values  for  p,  and  V     for  the  prctles 
under  ccrsi deration  are  as  fellows: 


Ql   =  1000  kg/m 


and 


=  15  00  m/i 


Therefore, 


V2  /2  =  1.12  x   1C9  Pascals  or  about  11.1  kilo- 


tars.   Topical  values  for  p 


1 


the  upstream  pressure 


are  en 


the  crder  cf  1  tc  perhaps  a  few  tens  of  bars.  Thus,  it  can 
re  safely  assumed  that  p  car  he  ignored  compared  tc  the 
upstream  dynamic  pressure. 

Having  specified  this  pressure,  the  program  ci  this 
thesis  utilizes  the  subroutines  developed  by  Fuhs  £Eef.  4] 
to  calculate  the  density  and  velocity  components  at  a  point 
just  dewrstream  cf  the  shock  frcnt.  Since  the  gecmetry  of 
the  velocity  flew  across  the  shock  front  is  the  sane  in 
either  air  cr  water  (see  figure  2.4),  the  velocity  cempc- 
rents  determined  in  the  first  step  can  be  used  to  "guip  cacA 
across"  the  shock  frcrt  to  the  upstream  side  where  the  free- 


streaii  tfach  number  a 


1 


can  be  determined 


After  determining  the  conditions  on  the  downstream  side 
cf  the  shock  front,  the  program  iterates  along  tae  stream- 
lines tc  determine  the  cone  semi-vertex  angle.  This  itera- 
tion is  performed  using  the  Busemann  graphical  construction 
as  for  tie  air  case.  The  majcr  difference  between  the  water 
and  air  cases,  after  the  initial  shocked  conditions  have 
teen  determined,  is  that  the  local  speed  cf  scurd  en  a 
streaalire  must  be  determined  iteratively,  for  the  water 
case,  t}  using  Fuhs'  [fief«  4]  subroutines  tc  determine  the 
density  and  pressure   at  each  point.    Knowing   the  pressure 
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and    cersitv,      the    s:eed    of    scurd      in    the    water    can    he    calcu- 


lated   irca 


2  rB      C    n 

c"    =    (— )£) 
P 


(2. 26) 


hnich  is  derived   frci  the  modified  Tait   equation  usicc  the 
defii iticx  cf  the  speed  of  scuid  as: 


2   9p 

3p  's 


(2.27) 


Ihese  equations,  ccilined  with  the  equations  developed  in 
secticE  E  cf  this  chanter,  constitute  all  the  eguaticns 
needed  tc  ccmpletely  solve  the  supersonic  flow  over  a  ccne. 
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TABU    I 
Nom  erclat ure 


C  S£€€d     01     SCUld 

k  fiatio    of    specific    heats     (c   /c    J 

p      v 

K  Mach   nunter 

K  Molecular    weight   of    air 
a 

I  Pressure 

r  Sacius  in  spherical  cccrdinates 

5  Eadius  cf  curvature  of  the 
hcdograph  streamline 

1  lemperature 

V  Velocity 

V  Maximum    velccity   for    adiabatic    flow 

max  ** 

3  Angle  the  streamline  lakes  with  the  shock 

plane  (same  as  the  acgle  :  j  in  air  calculations 

6  Cere  sear- vertex  ancle 
8  Plcw  directicr 

p  Mass  density 

a  Shcck  argle 

go  Arcle  ir  spherical  cccrdinates 

A  Universal  gas  constant 


Signifies  a  cenditien  upstream 
ccfical  shock  or  a  shecx  front 


or 


)       Signifies    a    condition    downstream    of 
2    ccrical   shock    or    a    sheck    front 

)       Signifies    cenditiors    at    cone    surface 
s 

)       Signifies    a    component    in    r-direction 
r 

)       Signifies    a    component    in    co-direction 

GO 
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I II.  DESCRIPTION  CF  USE  COMPUTES  PROGRAM 

A.        IhCGlAl    LOGIC 

5s  discussed  in  Chapter  1,  the  computer  program  devel- 
oped ici  this  thesis  »as  written  in  the  FGETEAN  programing 
language.  Structured  programming  practices  have  teen 
followed  throughout  in  that  the  program  is  divided  into 
blocks  (cr  iicduies)  cf  code,  eacn  of  which  is  designed  to 
perform  a  single  calculation  sequence.  Many  01  the  icdules 
have  teen  jiaced  inline  rather  than  being  writter  as  sepa- 
rate subroutines  or  functions.  This  was  dene  pnoaril}  for 
ease  ci  use  and  understanding.  In  addition,  however,  mest 
modules  were  placed  inline  because  tne  parameter  list 
exchanged  between  the  module  and  tne  main  program  would  have 
been  excessively  long  otherwise.  Regardless  of  whether  the 
code  is  included  inline  or  as  a  separate  module,  the  ^rcgram 
uas  written  in  a  manner  which  ensured  that  the  "side- 
effects"  problem  discussed  bv  MacLennan  [Ref.  9]  did  net 
occur.  In  addition,  the  use  of  FORTRAN'S  CCHHOM  construct 
has  been  studiously  avoided  to  prevent  the  aliasing  frcbiem 
discussed  ty  MacLennan  [Ref o  S  ].  A  module  hierarchy  chart, 
which  shews  the  ma;cr  modules  of  tne  program  and  tneir 
interconnections,  is  given  as  figure  3.1. 

The  flew  logic  cf  the  main  computer  program  is  illus- 
trated t}  figures  A.  1  through  A. 7  of  Appendix  A.  These  flow- 
charts shew  that  the  initial  ^art  of  the  program  (uc  tc  line 
60)  is  used  tc  initialize  certain  key  variables  and  to 
gather  input  values  from  the  program  user.  Note  that,  as 
stated  in  the  objectives  for  this  program,  all  user  injut  is 
verified  tc  ensure  that  the  values  entered  fall  within 
prescribed  limits.  In  crder  to  ensure  that  input  values  are 
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withii  lints,  the  subroutine  CHKIN2  is  i:vokcG  and  the 
input  values  are  passed  as  parameters.  Ihe  flew  logic  cf 
subroutine  CHKI2JP,  which  is  self-explanatory,  is  included  as 
figures  3.8  through  3.10  of  Appendix  A. 

After  receiving  and  verifying  the  user's  input,  the 
program  begins  the  calculations  required  to  determine  the 
cone  seni- vertex  ancle.  Ercn  line  60  to  line  4GC,  the 
program  calculates  the  initial  thermodynamic  properties  of 
the  water  cr  air,  as  the  case  may  be,  and  calculates  the 
changes  which  occur  in  the  fluid  properties  as  a  result  of 
the  passage  of  the  shock  front.  As  mentioned  previously, 
these  calculatiors  fcr  the  air  case  are  ratner  straightfor- 
ward and,  because  of  this  simplicity,  the  computer  cede  fcr 
the  air  calculation  las  been  placed  inline.  For  the  water 
case,  the  subroutines  WSHOCK  and  EPV  are  needed  to  calculate 
the  required  thermodynamic  properties.  Subroutine  WSHCCK 
calculates  the  ther  icdynamic  properties  of  the  water  at 
point  1  upstream  of  the  shock  front  and  at  point  2,  just 
across  tie  shock  frcrt  on  the  downstream  or  shocked  side. 
Appendix  A,  figures  3.12  and  A. 13,  contains  the  flowchart 
which  describes  the  logic  of  this  subroutine.  Subroutine  EPV 
was  ccpied,  with  the  author's  permission,  from  Fuhs  [Eef.  4] 
and  is  fully  describee  in  that  work.  However,  the  FCEIEAN 
translation  of  EPV  is  included  in  the  program  listing 
contained  ir  Appendix  C. 

having  calculated  the  initial  thermodynamic  fluid  condi- 
tions en  bcth  sides  cf  the  shock  front,  the  prograa  tegins 
the  iteration  process  required  to  determine  the  cone  semi- 
vertex  angle.  These  calculations  begin  at  line  400  cf  the 
computer  program.  This  iteration  process  makes  use  cf  the 
Euseianr  graphical  integration  technique  discussed  by 
Shapiro  £Eef.  8].  first,  the  radius  of  the  Busemarn  curve 
for  a  pcint  J  is  calculated  using  the  velocity  at  that 
point,  the  streamliDe  angle  at  that  point,   and  the  value  cf 
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tne  aiclt  caega  at  that  roir.:  (see  figure  2.2).  Next,  tne 
center  or  the  circle  for  the  Euseaann  curve  at  the  point  J 
is  calculated  using  the  velocity  components  at  pcirt  J 
(which  are  designated  0  and  V)  ,  the  raiuo  calculated  in  the 
previous  step,  and  the  value  cf  the  angle  omega.  Tnis  circle 
center  provides  the  point  frcu  which  the  program  "draws"  tne 
arc  used  tc  calculate  the  next  point  on  the  Eusemanc  curve. 
Finally,  the  velocity  and  the  Busemann  velocity  components, 
at  the  next  point,  J*1,  are  calculated  by  "swinging  an  arc" 
from  the  circle  center  calculated  in  the  previous  step.  In 
addition,  the  streamline  angle  at  tne  next  point  is 
calculated. 

lie  program  next  tests  tc  see  if  the  cone  surface  has 
teen  reached  (line  475).  Ihis  test  is  conducted  ry  deter- 
nininc  if  the  arsolite  value  cf  the  difference  between  the 
streaalire  angle  and  the  angle  omega  is  less  than  a  speci- 
fied test  value  (which  is  set  to  1  X  10  "^)  .  If  this  differ- 
ence is  less  than  the  test  value,  the  cone  surface  has  been 
reached.  In  this  case,  the  program  then  calculates  the  ther- 
nodynaric  fluid  conditions  at  the  cone  surface  and  the  ccne 
semi-vertex  angle  arc  displays  the  final  results  cf  the 
program.  If  the  difference  between  the  streamline  angle  and 
the  angle  omega  is  cieater  than  the  test  value,  the  ccne 
surface  has  not  beer  reached.  In  this  case,  tne  program 
calculates  the  ther icaynaaic  fluid  properties  at  tne  next 
joint,  J+1,  then  loops  tack  to  line  400  to  begin  the 
Euseaann  graphical  integration  process  for  the  new  point.  In 
the  case  of  a  water  run,  the  subroutine  WAIVZL  is  irvoked 
just  pricr  to  looping  back  tc  line  400.  Ihis  subroutine 
calculates  the  thermodynamic  properties  of  the  water  at  any 
given  point.  Appendi-i  A,  figures  A.  14  and  A.  15,  gives  a 
flowchart  which  den crstra t es  the  logic  flew  witnin  this 
sub routine. 
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lie  program  in clucks  a  feature  which  allows  the  user  to 
lake  repeated  executiens  of  the  program  without  the  reguire- 
ment  cf  "reloading"  tie  prograj  tetween  eacn  execution.  This 
feature  >as  included  iy  soliciting  a  response  frci  the  user 
at  lire  15C0  as  tc  whetner  ne/she  wishes  to  make  anctier 
executicr.  ci  the  program.  An  affirmative  response  causes  the 
progran  tc  loop  tack  to  statement  1  at  the  beginning  cf  the 
Jnitiaiization  section  of  the  main  program.  A  negative 
response  causes  program  termination. 

Kcte  that  certair  separately  compiled  functions  included 
kith  this  program  have  not  teen  flow char  ted  because  their 
logic  is  sc  straightforward  and  because  the  subprocraas  in 
guesticn  usually  consist  of  crly  one  or  two  lines  of  execu- 
table cede.  The  furctions  fitting  into  this  category  are; 
ETOE,  ETCI,  and  EOSA1E. 

E.   USEE  INSTRUCTIONS 

As  discussed  in  the  objectives  listed  in  chapter  1,  cne 
goal  ci  this  thesis  kas  to  ensure  that  the  program  presenter! 
was  easy  tc  use  and  naintain.  Ease  of  use  has  been  facili- 
tated by  including  code  which  verifies  that  the  input 
provided  by  the  user  is  within  specified  ranges.  :or 
example,  in  the  -ater  calculations,  the  pressure  at  pcint  2 
can  he  nc  .greater  than  100-0  kilcbars.  This  is  due  tc  the 
fact  that  Euns'  £Ref.  4]  subroutines,  which  are  usee  to 
calculate  the   t her medynamic  properties   of  the   water,   are 

based  en  the  work  of  Eichardson,  et. al^,   [Eef.  3],   which 

enly  gives  results  up  to  pressures  of  100-0  kilchars. 
Therefore,  while  the  subroutines  could  compute  the  water 
conditiens  at  pressures  greater  tnan  100.0  kiiobars,  it  is 
uncertain  whether  the  values  so  calculated  would  be  entirely 
correct.  E cr  this  reascn,  the  range  of  the  input  values  has 
been   restricted.   Ease   of  use   is   furtner  facilitated   by 


providing  clear,  meaningf ci  cutout.  Appendix  5  certains 
sample  citputs  generated  by  the  rrogram  for  the  suuiaij  and 
complete  print  cpticrs  of  the  program  fcr  both  water  ana 
air  . 

Cne  cf  the  irajci  criticisms  leveled  ry  computer  scien- 
tists against  the  FCrTRAN  language  is  fcr  its  lack  cf  a 
requirement  for  formally  defining  all  variables  usee  within 
a  program.  Similarly,  FORTRAN  has  an  implicit  declaration 
policy  thereby  any  variable  whose  first  letter  is  I,  J,  K, 
1,  E  cr  H  is  implicitly  declared  to  be  of  type  Integer.  In 
this  prcgram,  these  two  unfortunate  characteristics  of 
FORTRAN  are  avoided  ry  requiring  explicit  declaration  of  all 
program  variables. 

Ease  of  maintenarce  and  ease  of  understanding  cf  the 
program  have  been  achieved  througn  the  use  of  a  literally 
commented  prograa  aid  through  the  use  of  relatively  mean- 
ingful variable  names.  In  this  regard,  the  FCRTRAN  language 
is  less  than  desirable  since  it  limits  variable  names  tc  six 
characters.  Appendix  C  contains  a  fully  documented  listing 
cf  the  computer  program  and  all  subroutines  or  functions 
used  by  the  main  program  (ether  than  standard  library  .func- 
tions such  as  sir)  .  lables  VI,  VII,  VIII  and  IX,  located  in 
Appendix  A,  contain  lists  cf  all  variable  names  used  in  the 
main  procrai,  their  meaning,  and  their  MKS  (met er-kile gram- 
second)  units,  if  appropriate.  Tanle  X  contains  a  simian 
variable  list  for  the  subroutine  KSHOCK  and  Table  XI 
contains  a  variable  list  fcr  the  subroutine  WATVZ1.  Ihese 
two  tables  are  also  lecated  in  Appendix  A. 

Finally,  this  prcgram  was  developed  using  the  FORTRAN  IV 
language  supplied  by  the  IFM  Corporation  as  part  cf  their 
IBM  21C/2Q22AB  computer  system  which  is  the  main  computer 
systen  available  at  the  Naval  Postgraduate  School.  As  far  as 
is  knewr,  no  impleuentat icn  specific  features  have  teen 
included  in   this  prcgram.    Therefore,   the   program  should 
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as    a    F  OB I E  A  N    coi^iler 


execute    en    any    systei    wnich 
to    execute    the    p  r  o .,  r  a  n    on    the    IBM    370    cc 
able    at    tie    Naval    Postgraduate      School, 
must    re    accomplished    ii    the    cider    given: 


1L      CICc 

-uten  systei  avail 
the  folic wire  stei 


(1)  Ihe  program  muse  te  compiled  using  the  ccnanc: 

FCRTh'i    CCNEFIOW 

This  ccflnard  invokes  the  "OSTEIN  H  Extended  compiler/  v»hich 
is  an  optimizing,  ticducticn  run  compiler  supplied  as  ^art 
ci  the  ISM  ccmputei  system-  The  program  could  aisc  re 
compiled  using  another  FCETEAN  compiler  such  as  the  FOEIEGI 
compiler.  Note  tnat  the  abeve  assumes  the  program  sullied 
by  this  thesis  has  teen  entered  into  a  file  which  has  the 
filename  CCKEFIOK  and  which  is  cf  fiietype  FOB2EAN.  Ncte 
further  that  this  step  need  only  be  performed  one  time 
provided  errors  do  net  occur. 

(2)  Next,  the  libraries  of  standard  subroutines  ani 
functions  supplied  by  the  cemjuter  center  must  te  attached 
to  the  file.  This  is  accomplished  by  issuing  the  fcllcwing 
command : 

G103AI  TXTLII  FCEIMOD2  J1CD2ZEH 

Note  that  this  step  need  enly  be  performed  once  jrcviced 
abncmal  terminations  do  not  occur. 

(3)  In  the  FOE1FAN  language,   a  formatted  incut/cuttut 
{I/O)       statement  reg tires   the  definition  cf  an   I/C  device. 

for  exanrle,  at  most  installations,  by  default,  I/C  device  5 

is  used  for  input   ard  I/O  device  6  is  used   for  output.   To 

utili2e  the  program  ci  this   thesis  properly,   the  fcllcwing 

commands  must  be  issued  to  define  the  I/O  devices  to  be 
used  : 


EI  LEI  II     Do     Z^.5?     CCNZFIGfc    CUIPUI 
I1IEIIJ    07     TZH*     (FSBA) 


As    a      result   01      the    above      cc  asanas, 


,11      output    from 


program  \111  be  written  into  a  file  on  the  user's  disk  earned 
CONZflCVi  with  a  filetype  cf  OUTPUT.  It  is  not  strictly 
necessary  tc  issue  tie  FX1EEEF  06  command  shown  arcvs,,  cut, 
if  net,  all  output  viill  be  written  at  the  terminal  and  will 
not    be    available      foi   printing.       The    second      file    deiir.ition 

command     (IIIEDEF    07)       is   absolutely ^eSJ^i^sl^   or    the    prcgran 

sill  ret  operate.  This  file  definition  tells  the  computer 
that  J/G  unit  07  is  the  computer  terminal.  In  the  program 
cf  this  thesis,  all  input  from  the  user  is  requested  fica 
I/O  unit  C7.  Therefore,  if  unit  07  is  not  defined,  the 
program    cannot    receive    any    input. 

(4)       finally,       the   program    can      be    executed    by   issuing 
the    command : 

ICAE    COKEIIQE     (START 

fchen  program  execution  is  completed,  a  cryptic  message  cf 
the  fcrm  E;  T=C.01/C01  16:45:00  will  be  displayed  at  the 
terminal.  This  is  simply  a  message  from  the  computer's  oper- 
ating systen  indicating  that  the  task  just  reguested  nas 
teen  completed.  The  user  can  now  utilize  the  system's  oper- 
ating cemmards  to  review  the  output  from  the  execution  of 
the    picgiam  . 

If  the  user  desires  to  execute  the  program  again,  return 
to  step  (3)  of  the  atove  procedure.  If  the  output  from  the 
previous  execution  is  no  longer  needed,  the  same  FIIEEIF  06 
command  can  be  issued.  However,  if  the  previous  execution's 
output  is  reeded,  the  fil ety pe  of  the  FILEGEF  06  command 
should  he  changed  (e.g.  change  OUTPUT  in  the  anove  command 
to    CCTf Z12)  . 
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lv-  PRCGfiAJ  CAICDIAIION  RrSUllS 

IBCGBA&    RESULTS    ICE       THZ  CAICULATION  OF  CCNICAI   PICS  IN 
JIB 


lie  picgram  accurately  calculates  the  flow  over  a  ccr.e 
in  air.  Numerous  picgram  executions  were  made  for  the  air 
case  at  various  upstream  Mach  cumbers  and  for  various  shock 
angles.  Ihe  results  cbtained  from  txiese  program  executions 
are  summarized  in  Tables  II  and  III-  Ine  numbers  produced  by 
the  picgram  were  compared  for  the  variables  shown  in  the 
tables  tc  the  tables  given  in  Kinney  and  Graham  [fief.  5], 
against  the  graphs  civen  by  Shapiro  [fief.  8],  atd  tc  the 
tables  picduced  by  Kcpal  [fief.  10].  Ihe  values  given  in 
these  scurces  are  included  in  Tables  II  and  III,  where 
appropriate,  along  with  the  calculated  results.  As  can  be 
seen  from  these  two  tables,  the  calculations  made  by  tie 
program  give  ^uite  accurate  results  (less  than  a  13  errcr  in 
most  cases).  Certaiily,  the  program  is  much  more  accurate 
than  cue's  ability  tc  read  the  graphs  presented  in  Shapiro 
[fief.  8]. 

Eased  en  these  cenparisens,  it  is  believed  that  the  part 
cf  the  program  which  calculates  supersonic  xlow  over  a  ccne 
in  air  is  accurate.  Ihe  importance  of  this  fact  is  tnat,  by 
feeling  confident  that  the  procedure  followed  for  the  air 
case  is  valid  a cd  that  this  procedure  has  been  correctly 
implemented  in  the  programming  language,  it  is  safe  to 
assume  that  the  Eusemann  calculation  procedure  utilized  for 
the  air  case  can  be  accurately  applied  to  the  water  case 
provided  the  water  ccnditicns  at  each  point  are  calculated 
corr ec tl} . 
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E.   EECGPAH  EESUIIS  ICE   THZ  CALCULATION  CF  CONICAL   rlCS  IN 
E11EE 

As  mentioned  in  the  rrevicus  section,  the  calculaticr. 
procedure  i.as  verified  for  th€  air  case  by  comparison  with 
known  results.  This  comparison  showed  the  metnod  usee  ir.  the 
calculations  was  correct.  The  next  step  taken  was  to  deter- 
mine if  the  subroutines  used  to  calculate  the  t  ner  rrcdy  r.a  uic 
properties  of  the  water  gave   results  comparable  to  these  of 

Eichardscn,    et. al,    [Eef.  3],         and    Funs   [Eef.  4]. 

Calculaticns  were  performed  which  gave  results  which  could 
he  ccapared  to  Table  21  of  Fuhs  [Eef.  4J.  Table  IV  preser.ts 
a  ccnpariscr  between  the  numeric  results  calculated  by  the 
program  and  those  given  b}  Puns.  As  can  be  seen,  these 
results  are,  within  reasonable  error,  remarkably  similar. 
This  is  net  unexpected  since  the  subroutines  used  by  the 
nain  piocram  to  calculate  these  variarles  are  essentially 
direct  language  translations  of  Tubs'  programs.  Therefore, 
the  results  should  be  similar. 

Eavirg  verified  that  the  procedure  utilized  in  the 
calculation  of  the  cone  semi-vertex  angle  was  correct 
(through  the  air  results)  and  having  verified  that  the 
program  correctly  calculated  the  thermodynamic  properties  of 
the  water  at  aa)  point,  it  was  believed  that  the  jic^ram 
could  be  executed  fox  the  water  case,  for  various  initial 
conditions,  with  certainty  that  the  results  so  calculated 
would  be  accurate.  however,  a  guestion  arose  as  to  whether 
the  calculations  performed  in  the  water  case  were  indepen- 
dent of  the  upstream  thermodyna nic  properties  of  the  water. 
In  air,  the  only  guantities  needed  to  calculate  the  cone 
semi-vertex  angle  are  the  upstream  Mach  number  (M,)  and  the 
shock  angle  (  a  J  (e.g.  see  figure  17.7(a)  of  Shapiro 
[Eef.  8]  ) .  Thus,  for  air,  the  calculation  of  the  cone 
semi-vertex  angle  is  independent  of  the  upstream  temperature 
or  pressure,  and,  therefore,  universal  curves  can  be  drawn 
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which      describe    the      cone    flew       under    ail    '  coiditicr.s    as      is 
£no»L    ty      Shapiro   [fief-    8  J.  Whether    universal      results    icr 

the    water      case    could      te    obtained    was      not    sc      clear;       this 
point    is    new    discussed. 

liepirarn  and  ficsti<o  (fief.  11]  discuss  the  general  ther- 
nodynairics  of  fluids  and  introduce  the  concept  cf  a 
"thernal"  ecuaticn  cf  state.  In  general,  the  thermal  equa- 
tion   cf    state    fox    any    fluid    is    given   by; 


f  (f  /P,1)     =   0 


(4.1) 


lor  a  perfect   gas,   the  thermal  equation  of   state  is  given 
ty: 


pv  =  El 


(a. 2) 


where  £  =  A  /M  .  Another  equation  which  relates  tne  themccv- 
ramie  variatles  e,  v ,  and  1  is  the  "caloric"  eguaticn  c: 
state,  which,  in  a  general  forir,  is  given  ty; 


f  (€,V,1)   =  0 


(4-3) 


A   caicrically  perfect  gas  is  defined  by; 


e  =  c  1 

V 


(4.4) 


cr  ty 


h  =  c  1 

P 


(4.5) 


where  e  is  internal  energy  and  h  is  enthalpy.  Thus,  the  heat 
capacity  (e 
perfect  cas 


capacity  (either  c   or  c  )    is  a  constant  for  a  caicrically 

v      p  '  J 


liepaaiir.  and  P.cshxo  [Rez.  11]  demonstrate  that  the 
thersal  and  caloric  eouations  cf  state  are  theraod j ra licall y 
related    h y : 


3h    i  t  —  I 

3P    ' T  '    v  9T    ' 


(4. fa) 


Introducing  eguaticn  4.2  Irtc  eguation  4.6  results  ir  the 
right-hard  side  of  eguaticn  4.6  becoming  equal  tc  zero. 
Thus,  for  a  thermally  perfect  gas,  the  enthalpy  is  indepen- 
dent cf  the  pressure,  and,  hence,  enthalpy  is  a  function 
cnly  cf  terperat ure.  Therefore,  a  necessary  conditicr  for 
eguaticn  4.5  to  he  valid  is  to  nave  a  thermally  perfect  gas. 

Icr  water,  Richardson,  et. ai.,   £Bef.  3],   demcnstrate 

that  the  heat  capacities  are  functions  of  the  temperature  cf 
the  water.  Thus,  ecuations  4.4  and  4-5  are  not  valid  for 
water,  and  water  is  ret  a  caloricaiiy  perfect  fluid. 

If  a  fluid  is  fceth  thermally  and  caloricaiiy  perfect, 
the  ecrditiens  acrcss  a  norcal  shecx  front  depend  only  or  k 
=  c p/cv  and  on  the  freestream  Mach  numter.  Conversely,  if 
the  fluid  is  not  themally  and  caloricaiiy  perfect,  addi- 
tional variables  must  be  specified  in  order  to  deiire  the 
shock  ccrditions.  Extending  the  argument,  one  can  state  that 
the  superscric  flow  cf  a  theriraliy  and  caloricaiiy  perfect 
fluid  over  a  cone  is  a  function  only  of  the  heat  capacity 
ratic,  k;  the  freestream  Each  number,  M,  ;  and  the  a'r.cck 
front  angle,  a*  As  a  result,  a  single  graph  is  sufficiert  to 
represent  all  flews  ever  the  cone.  This  is  the  conditicr  for 
a  perfect  gas. 

Ir  ccntrast,  when  the  fluid  is  not  thermally  aid  calori- 
caiiy perfect,  the  sclution  fcr  supersonic  conical  flew  is 
dependent  upon  variables  ether  than  k,  M,  ,  and  ~  . 
Conse cuer tly ,  a  universal  graph-  of  the  shock  angle  versus 
the  freestream  Mach  renter,   with  the  cone  angle  as  an  entry 


4  5 


parameter,  does  not  exist.  Since  water  is  net  a  tiernally 
and  calcrically  perfect  fluid,  it  is  not  possirie  tc  plot 
universal    graphs    of    the    variables    of    interest. 

1 c  gain  insignt  into  the  sensitivity  of  the  supersonic 
conical  flew  in  water  to  the  upstream  conditions,  a  study 
was  conducted  in  which  calculations  were  performed  tc  deter- 
mine whether  the  cone  semi- vertex  angle  is  relatively  inde- 
pendent cf  the  upstream  temperature  or  whether  varicus 
program  executions  are  required  to  saow  the  variation  of 
cone    seiii-vertex   angle    with    water    temperature. 

Ihe  det erminatior  discussed  above  was  made  fy  holding 
the  upstream  pressure,  the  shock  angle,  and  the  upstream 
Mach  numrer  constant.  Then  the  upstream  temperature  -as 
varied  tc  determine  the  variation  in  the  cone  semi-vertex 
angle.  In  crder  to  held  H^  constant,  the  pressure  multipli- 
cation factor,  described  in  Chapter  II. D,  was  varied  until 
the    Kach      number    upstream      for    the      new    temperature      matched 

(within  reasonable  accuracy)  the  upstream  Mach  runner  for 
the  original  temperature.  Note  that  "reasonable  accuracy" 
for  matching  of  the  upstream  Mach  numbers  meant  matching  the 
numhers  tc  the  fourth  decimal  place.  Iatle  V  provides  the 
results  frcn  these  calculations.  As  can  he  seen  from  this 
table,  the  cone  semi-vertex  angles  calculated  fen  the 
varicus    temperatures    are   all    cf    approximately    the    same    value 

(within  15*).  The  pressure  dewnstream  of  the  sheck  wave 
varies  hj  15%  as  can  he  seen  ic  lable  V.  While  chene  is  small 
variaticr  hetween  the  values  for  the  cone  semi-ventex 
angles,  it  must  he  remembered  that,  for  practical  purfeses, 
these  variations  are  very  snail  and  can  be  safely  ignored  in 
examining  the  flow  even  a  cone  in  water.  Thus,  it  was 
concluded  that  the  calculation  cf  the  cone  semi-vertex  angle 
in  water  car  be  conducted  independently  of  the  water  temper- 
ature (at  least  for  the  accuracy  reguired  for  the  calcula- 
tion   cf    the    movement    cf    the    metal    jet    from    a    shaped-charge). 
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This  conclusion  is  tree  provided  trie  upstream  Mach  renter  is 
held  constant  by  varying  the  pressure  behind  the  shcci*  frcnt 
through  the  mechanisn  of  the  pressure  multiplication  factor. 
Having  determined  that  the  calculations  car  he  conducted 
independently  of  the  temperature,  plots  of  the  variatles  of 
interest  ir  water  litre  made  in  a  manner  similar  tc  the 
graphs  fcr  air  shown  in  Shapiro  [fief.  8J. 

finally,  having  determined  that  the  calculations  could 
he  trace  independently  of  the  upstream  temperature  ard  that 
these  calculations  kculd  be  accurate  (within  1%  fcr  ccne 
angle  and  12SS  for  pressure}  ,  it  was  decided  to  plct  various 
parameters  cf  irterest  for  the  flow  over  a  cone  in  ^atcr. 
These  graphs  are  presented  as  fellows: 

( 1)  figure  4.1  is  a  plot  cf  the  freestream  Mach  Nunrer 
versus   the  shock   angle  with   the  cone   semi-vertex 
angle  as   an  entry   parameter.    This   graph  is   the 
water  analog  to  Figure  17.7.  (a)  of  Shapiro  [Eef-  £]. 

(2)  Figure  4.2  is  a  plot  cf  the  freestream  Mach  runrer 
versus  the  Mach  numrer  at   the  cone  surface  with  the 
ccne  semi-vertex  angle  as   an  entry  parameter.   This 
crarh  is   the  water   analog  to   Figure  17.7.  (c)    of 
Shapiro  [fief,  8jo 

[2]  Finally,  Figure  4.3  is  a  plot  of  the  freestream  Mach 
runirer  versus  the  drag  coefficient  (c  )  with  the 
ccne  semi-vertex  angle  as  an  entry  parameter.  This 
graph  is  the  water  analog  to  Figure  17.7.  (f)  of 
£hariro  [fief-  8]. 

It  shculd  be  noted  here  that  the  graphs  developed  and 
presented  in  this  thesis  were  obtained  through  repeated 
executions  cf  the  COKFF10W  program,  wnich  generated  approxi- 
mately 3600  data  points  per  graph.  These  data  points  were 
pre-processed _  tc   remove   entries  with   a   Mach   numter   of 


46 


greater  t^ar  5.0  (a  convenience  for  ease  cf  presentation 
cnly)  .  The  pre-prccessed  data  points  were  passed  tc  an 
interrelation  and  smoothing  program  developed  ry  Frarke 
[Bex.  12*  which  used  a  quadratic  Shepard's  method  tc  succth 
the  data  points  generated.  Alter  smoothing,  the  data  ws 
post-pxccessed  to  remove  erroneous  interpolation  feints 
which  were  generated  because  the  original  data  was  irreg- 
ular. Finally,  the  processed  data  was  passed  to  a  FCETBAN 
program  developed  by  the  author  of  this  thesis  which 
utilized  the  Contouring  feature  of  the  DISSPLA  graphing 
routines  of  the  ISSCC  company.  The  results  of  this  extensive 
processing  are  the  graphs  presented  in  this  thesis.  Because 
cf  the  irregularity  of  the  original  data  (which  causes 
difficulties  in  the  quadratic  Shepard's  interrelation 
method),  and  because  of  the  smoothing  reguired  ty  the 
contouring  routines  cf  DISSrlA,  tne  graphs  presentee  are 
somewhat  rough  and  shculd,  therefore,  only  be  used  for  "rack 
cf  the  envelope"  calculations.  Accurate  results  are 
provided  ty  the  CONFFLOW  program  which  should  be  utilized 
for  mere  precise  worL 

Finally,  one  of  the  primary  reasons  for  translating  the 
original  Easic  trograms  into  a  higher-order  language  {in 
additicr  tc  the  desire  to  make  the  programs  more  accessible) 
was  tc  steed  the  execution  cf  the  program.  In  this  regard, 
tne  wcrk  or  this  thesis  has  nore  than  accomplished  this 
result.  It  must  be  mentioned  here  that  the  prcgraa  will 
execute  extremely  fast,  considering  all  the  iterations 
needed,  pnevided  the  computen  system  in  use  is  net  heavily 
in  use  at  the  tine.  For  example,  at  the  Naval  Postgraduate 
School,  when  the  computer  system  is  relatively  free,  the 
program  operates  so  cuickly  that  one  executioc  reguires  less 
than  5  seconds  (from  the  tine  cf  the  last  user  input  tc  the 
time  cf  the  reguest  ty  the  program  for  an  indication  of 
whether  another  execution  is  desired).   Conversely,  when  the 
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computer  system  as  being  utilized  at  near  its  capacity,  the 
same  response  tue  car  increase  u:  to  about  2  to  3  aicutes. 
liiis  result,  however,  is  symptomatic  oz  any  computer  system 
being  utilized  at  near  capacity  and  is  not  a  result  ci  a 
reflecticn    cf    the    program's    structure    or    design. 
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V-  CCNCIOSIONS 

As  discussed  ii  the  Introduction,  this  thesis  had 
certair  gcals  which  it  was  desired  to  achieve.  It  is 
believed  that  these  coals  have  ail  been  successfully  met. 
The  prcgran  of  this  thesis  has  teen  successfully  trarslated 
from  Easic  into  F0R1-BAN  as  desired.  In  the  translation  of 
the  original  program,  modern  structured  prcgr amirirg  prac- 
tices have  been  followed  tc  the  greatest  extent  possible. 
finally,  the  program  presented  is  quite  "user-friendly"  and 
is  very  weld-documented. 

As  was  demonstrated  in  the  results  chapter,  this  program 
calculates  correct  results  for  each  cf  the  air  or  kater 
cases.  It  is  mentioned  here  that,  as  pointed  out  freguently 
ty  computer  scientists,  it  is  virtually  impossible  tc  test  a 
progran  for  all  possible  cases-  Therefore,  no  program  is 
entirely  error-free.  It  is  believed  that  the  progran  ci  this 
thesis  is  as  free  of  errors  as  is  possible  without  exhaus- 
tive, tine- consuming  and  extremely  expensive  testing. 

As  a  result  of  having  met  the  three  goals  mentioned  in 
the  first  paragraph,  it  is  teiieved  that  the  program  ci  this 
thesis  will  provide  an  excellent  working  tcci  for 
researchers  in  the  field  oz  shaped-charge  jet  penetration  in 
water.  3he  fact  that  the  program  is  well-documented  will 
make  any  modifications  or  extensions  to  the  program,  should 
that  re  required  or  desired,  easy  to  perform.  Further,  since 
the  prcgran  is  easy  to  use,  only  a  cursory  knowledge  of 
computers  is  needed  in  order  to  utilize  the  progran.  Ihese 
features  are  reguirements  for  any  computer  program  v.hich  is 
to  be  used  ty  scientists  as_a_to_ol.  Too  often,  computers  and 
their  programs  require  that  the  people  who  simply  desire  to 
use  their   capabilities  must   learn  a   great  deal   cf  detail 
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arou  t 


tie    com  pater 


jrce:    tc 


uia  2 


til  c 


LwUJ.   . 


t  £15 


program,   ai   understanding  cf   FORTRAN  is   net  required   in 


crdei  tc  utilize  the  rrogra 


cr  its  design. 


Unfortunately, 


due  tc  the  operating  system  cf  the  133  370  coaputer  svstei, 
the  sane  cannot  he  said  about  the  steps  required  in  cider  to 
actually  use  the  program.  Seme  familiarity  with  the  computer 
systeir  in  use  at  the  users  location  will  he  a  necessity  in 
crder  tc  operate  the  prcgran  ccirectiy. 

finally,  as  mentioned  in  the  Introduction  tc  this 
thesis,  the  program  %ill  provide  an  excellent  test  case  and 
ccmraiiscn  nodel  for  a  computer  program  which  medeis  the 
actual  flew  of  the  metal  jet  from  an  explosive  shaped-charge 
fired  through  the  water.  The  actual  situation  is  a  tlunt- 
nosed,  rather  than  a  shar p-p cinted  conical,  flew  prctlem 
which  is  luch  more  difficult  tc  solve.  Therefore,  a  knewn 
soluticn  and  methodology  of  solution  for  the  easier  prctlea 
is  a  necessary  first  step  to  the  solution  of  the  larger 
profclen.  It  is  relieved  that  the  program  of  this  thesis  will 
serve  as  this  necessaiy  first  step.  Further,  it  is  ielieved 
that,  when  the  eguatiens  solving  the  actual  flow  prohlea:  are 
develcped  in  their  final  form,  the  program  of  this  thesis, 
due  tc  its  ease  cf  icdif ica ticn,  will  serve  as  the  crcgraa- 
ning  Jicdel  for  the  picgram  which  calculates  the  hlurt-nosed 
flow  prclleir. 
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I£OG£Ail  F1CKCHABT5 

This  appendix  certains  the  logic  flowcharts  of  the  main 
jrogian  and  its  subroutines  {i.e.  those  which  have  ret  teen 
descriied  elsewhere  cr  which  are  not  part  of  standard 
computer  center  libraries)  .  The  language  is  kept  rather 
general  so  the  overall  logic  of  the  program  can  te  demon- 
strated. If  tie  reader  desires  to  know  how  a  particular 
logic  seguer.ee  is  implemented,  he  need  only  refer  directly 
to  tie  prcgram  segment  which  the  logical  flowchart  is 
descrifirg.  The  flowcharts  included  in  this  appendix  are 
listed  relcw: 


{  1)  Ihe  Main  Procram  Flowchart  consists  of  Figures  15.1 
through  A. 7 . 

(2)  Function  CHKIKP  consists  of  Figures  A. 8 
tircugh  fl. 10 . 

(2)  Surroutire  DIFANG  consists  of  Figure  A. 11. 

(il)     Subroutine  T^£HCCK  consists  of  Figures  A.  12  and  A.  13. 

(5)  £urroutine  WATVZI  consists  of  Figures  A. 14  and  A- 15, 
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APfEMEIX    B 

SAflPLZ    PRINTOUTS 

This  appendix   presents    copies    ox    the    output   from    vaucu; 

runs      ci  tie      computer    progiac      listed   in      Appendix    C.         Ihe 

varices  sa&ples   illustrate      tie    output      from    the      feiiewmg 
cp tiers  : 

(1)  A   Ccirplete    Print    of    a    Water   .Run 

(2)  A    Summary    Print    of    a    Water   Bun 

(2)    A   Ccirplete    Print    of    an    Sir    Run,    and 

(4)    A    Summary    Print    of    an    Air    Run 

(Note:  in  crder  to  reduce  the  volume  of  the  tnesis,  crlv  a 
porticr  cf  the  output  from  the  complete  print  cp tiers  is 
included,) 
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PECGBAa  IISTING 

Ibis  appendix  certains  a  complete  listing  on  the  full}' 
cocunerted  Eain  program  named  CCNZPLOW  and  all  of  its  tur.c- 
tions  ard  suhr cutires.  The  functions  and  suhrcutires 
included  in  this  apperdix  are  as  follows: 

(  1)  lurction  DTC5 

{1)     lurction  BTOI 


(I)    lurction  dzIHG 


(U)     lurction  S0SA1R 
(5)  Suiroutine  CZFINP 


(6)  Suiroutire  HSECCK 


(7)  Suhroutire  Hi  nil  EL 


(£)  Suhroutire  E  T  "^ 


86 


* 

O 

M 

M 

M 
M 

* 

1     1         O5C0 
QXQMM 

.03 
WC0M 

1    = 

—  0 

* 

KM 
MQ5  25 

^        M<5i 

0     «=c^ 

■* 

<5M 

MIC 

05  05 

co     0 

* 

em 

OUM 

-5             CO 

0      2:m 

* 

M        QU5M 

m      OW 

-5U3 
OMO 

M        25 

M       *a:M 

# 

MEM       2: 

£h«:cbm    • 

HMM 
M       M 

M       SO 
Q        M  <5M 

* 

M        JS  M  SM 

t-HH      «=cmm 

MMO 
MUM 

■■&        MMO 
OH3C5< 

* 

<CUS       MO 
MM«=C25M25 

MM 
O       23 

O        C005 

* 

UJ IM  M  «q  |j-|  «j 

owo     m 

MOM 
MMM     • 

OMO        M 

M  M  25  M  CO 

* 

rtJMQSMXM 

M       1-1^: 
05  050 

S        MS5 
«a;iCC0OM 

# 

U       Uilhlh 

O  MOM 

25  O  C3  O  25 

w 

(J        t-tMM 

MMOM 

M 

xo          0 

* 

H 

OHWHHW 

OMMM 

M 

05 

Q3C0MO 

X 

<c 

M       CCM<C> 

OM"=S 

M 

M 

OCOMM 

* 

P> 

Q 

QfcH       S  1 

M            Q 

<     co 

CO 

s      2;M2: 

<c 

QW       3HH 

QMM 

>        25 

O 

,-cJ  W  m  2;  O 

# 

25 

O 

WQ .MMS 

MM33M 

O 

mx:m=» 

3: 

H 

MWW        h-lM 

Ma£H25 

CO       M 

S 

EMS       CO 

* 

O 

'. 

«1W23D1/1 

MO        M 

M25tH 

O 

M       «-CM2;co 

^ 

com 

=r<-n 

W2500 

:-^33MC0 

W< 

05M 

MM050M 

# 

M 

•  o 

CO  25 

Ccj       u/MMM 

ML0OW 

MMM 

MZ3 

MOM^JMM 

CO 

ut 

=>o 

Q"*Q 

OCO       MM3 

S3           05 

^>M^> 

M 

-a:      MQM  = 

M 

* 

25 

33 

«-H 

m-s:      MO 

OQ5WM 

MM      O 

M25 

M  CO  co  W  M  co 

C5 

o 

»CJ 

H 

COM       C5<CO 

OMZ 

3  25MM 

3H 

MM      O^W 

M 

* 

u 

CO  LOO 

M<5 

^tHQJOH 

C0MC0 

MMM-^ 

M 

M  Q  O  O  25  05 

M 

W      3- 

250 

3MWM05M 

Oh^H 

25       MO 

253 

ZM2:  ao 

M 

* 

S 

:23WCT> 

3H 

H>     -=53: 

H 

M05«=C 

MW 

M  CO  O  M  O  -H 

Q 

<a 

OHn 

^(i| 

S2Q^>H 

054D'/) 

W>-M 

2! 

M           < 

# 

05 

S"3cn 

H 

<J<      H 

0  =  025 

MC0       3 

3 

m  =  «:m  W25 

05 

o 

32  3 

r-Q 

05  =>  72  :M  M"  CO 

MM       O 

M3M2: 

MX 

MM       <MM 

cq 

■* 

o 

Q 

o 

O  OO  =>  :£  h 

MM 

CO       =3M 

25  M 

<S  O  M  O  -=5  M 

CO 

05 

#«;    t 

s 

O      MCOH 

v^EH 

SiXMM 

M 

MQMMM       M 

:=>      M 

* 

U| 

E=a3<c 

■  t 

MOMM       s 

>iscq«; 

M25  25 

M05 

:z>       "=5       3H< 

O 

OO 

MO 

MM        H     i«l 

s  «:  i-m  tn 

MMf- lOM  MIM 

ij          li,         LJ  <s5  M-l  IJ-l  1-M  f 

# 

^H 

M25 

SO       "05 

«ffiZ3 

«5  Q5       O  CO  O  > 

M        M        M  M  M  M  CO  CO 

uco    » 

H 

CO  <=C  M  M  M  O 

MOWM 

MMM       M 

<C        EH        <MM 

M 

* 

MOX 

«q 

H-6S>30 

nOOiJ 

M=»M        M 

O        ^H        OMM 

u-l 

Q5P-iW 

W  .. 

as  >*  <3  H  >-h  a; 

0505       O 

* 

Eh       Q5 

05  CO 

uw 

EH  C)  25  O  M  M 

QCm<350 
CD 

* 

>25 

•  1 

M 

» 

M<*=-aj 

«3  l—l 

M 

* 

oco 

OZ 

O 

M 

O 

* 

•  t 

X 

MM 

05 
3 

25 
O 

* 

CQ 

•H 

M 

M 
Eh 

# 

25M 

M 
M 

* 

tr-i 

«35 

MM 

M 
O 

M 
O 

* 

MM 
MO 

O 

M 

CO 

M 

* 

u 

US 

M 

Q 

000000000000000000000000000000000000000000000000 


87 


Q 

S3 

1 

W 

05  < 

S 

s 

W 

WW 

t 

H 

> 

HQ5 

w<s 

< 

CO  33 

a:  co 

1    OU 

W        ^3. 

o 

H 

<'J 

33  05 

* 

WH 

OH 

z     <=c 

U        33 

W 

W 

U 

MU 

O 

X 

<«! 

CJZ3  WS 

<j    *«a: 

"33CJ     t 

ut4U3 

O 

WCJ 

«a;>i 

scow 

wcj-^s-aa 

wco 

cq 

W    1 

OW 

W05 

33  w" 

SC3 

HW 

33        W       05 

OiWCO 

33 

«cr;ai 

W 

QOi 

HO) 

pq33CQ 

HOWCOO 

HZ 

tH 

U      co 

W 

MW 

33H«=t! 

trHHWO 

a;c50 

cow 

co  a: 

sw 

WW 

ZW 

EH        H 

as     cosra 

O-aiH 

X 

WMW 

Mt-H 

<eC33 

CJ33 

u> 

tw 

utjaHui 

X,H3tH 

Hi 

H      w 

wen 

en 

05H     t 

q5eh<: 

WW3H 

QwCJ 

o. 

WCO   | 

zx 

'25 

s 

WW   I 

OZ> 

COO      w 

Z  W3 

cu 

HH 

33  W 

EhX 

•aSSH 

UO 

wo 

W33C3)r-33 

<kJ3 

o 

UlX!i| 

05 

VJW 

WQJ 

«W2 

W33 

33              CO  tH 

w 

CO 

S3  H  i-l 

« 

Ol 

Q5 

O05<fl 

wwo 

HQ5fNC0 

CO  z 

O      cq 

cow 

33Q 

HQ 

O       X 

33       33 

<0      W>h 

ZHO 

05 

U    t<c 

H> 

W 

COW 

33  CO  33 

HXO 

>  tHHWW 

O      z 

w 

«M 

33H 

W=» 

*p> 

1/IMUI 

flJU^ 

U<^W 

MUM 

CO 

«a!W05 

HW     i 

Q5H 

33H     • 

1 

>033 

<<5H     a 

tHZ3S 

33 

W«J 

U  1 

1-33W     • 

W   1 

WCO 

33  f 

iwcjuj  w    1 

J3(J 

Ct3i-1?> 

C5WQj 

MO  1 

wu^~ 

33M  W 

"33  CO 

«.       U(M>    1 

ZCJM 

W 

wco 

W05C0 

«t;  pm^~ 

U5  WCO 

M33H 

S 

05  2:              HH 

33WH 

33 

33  was 

33        W 

WWW 

33  Kd 

tHW 

»w<; 

WUtHXWIJ 

w      cj 

t-l 

HQO 

HC0  05 

w     s 

CO        W 

W        «t! 

05  33U5 

tHH«3UU< 

^^W 

u-l     a 

WHZ5 

WCOW 

C0C0Q5 

i-l     iH 

MHO 

<CH       H  W  W 

wco 

tH 

33  COO 

X       <=3 

SHH 

WHOi 

C3W05 

«c     0 

3»=3     *3305S 

03OW 

<& 

3HQ5 

35  CO   | 

W        | 

05         1 

Z<=3< 

W05 

UW3        | 

<cj33; 

33 

33 

H 

EH  CO 

WCO 

<Eh> 

05OW 

05H05       CO 

Q      Eh 

www 

H 

WHEh 

W33W 

MW 

H  W 

z 

O 

O  W=    sHW 

ZQ 

ZZ3 

0=> 

Ot-tt-l 

WEi-I 

U-l  33  1— 1 

W033 

wsw 

W  WCOtH       1— 1 

<ZO) 

ZZ23ZMMM 

co 

OS 

03 

33EHEQ 

33  EhW 

33ISJO 

<C33 

HCOZCOW 

Eh«=CW 

OOOOfHHH 

W 

ZEh«=C 

z   .«: 

H       <S 

H       «=5 

HH33 

COWEH 

aiHWOH< 

CO        NJ 

MHHM33  33  33 

05 

OZQ5 

O05M 

•H 

■  H 

WO 

HQ5 

HH05  05  33H 

ZH 

HHHHQUU 

H 

MHO 

HWQ5 

05HC« 

05  EH  05 

05  0:15 

EHSH 

33  CL|  WEHQ5 

OHW 

000  0^505  £3 

a 

t-treo 

HtH<C 

OS  ^ 

oz<: 

032  33 

zcocq 

zs             «c 

HCOH 

Z3:s=  z:u-)ac3 

Ol 

<t;aiQ5 

«fl«i;> 

wo> 

wo> 

W       tH 

33  a, 

33        <<^     i> 

H 

33333333333333 

w 

U     a, 

US 

05 

05 

W 

Q533Q     t 

Q5  W       CJCO 

ZC0  33 

W  W  W  W'O '-0 CO 

05  •# 

H>" 

H      33 

wwa: 

WW33 

W33S 

w  1 

050005  33 

o< 

EH 

Q05W 

Q«rj3 

33        O 

33     0 

33£H<=$ 

WQ5>'— 

W  =3  Eh  33  <  O 

H       S  >t 

<<<<<<< 

S3 

25  -a:  33 

203 

W^=3 

1-5^33 

W      05 

33WH33 

ZCO       C0P33J 

Eh  X>=C  CO 

«a»Oi 

HSEh 

H  WO 

<=£!CJO 

<'->o 

<C330 

EnrqWcj 

HCOEH      00 

H  O  05  W 

1    1   1    1   1   1   1 

35  3 

S3 

05 

>QQ5 

>o« 

>£HO 

SO-a: 

W  05  w  w  W 

Q3C5Z 

OH 

Z33X 

ZQ5  33 

33  33 

3333 

MQ5 

W33WS 

WP5W33H33 

WCOQH 

COWHXW 

O 

«3C0W 

<;uh 

«:coh 

•aJCOtH 

O  W 

MZttJ   | 

HQ<>tH^H 

<5^-Q5tH 

ZHZ'jy 

U50 

W33 

UHQ<?<;hiU> 

WZ 

,-s 

— . 

_ 

^^, 

, , 

. , 

, — . 

zco      O 

CJOWCO  X3t-i 

H 

r- 

CN 

rn 

^5*.. 

tn 

^O 

r^ 

M  WCO  W 

tH  cH  W  O  33  CO  < 

WCS 

B5MW 

«  uq  t-J  CO  CJ  3: -s 

30 

33  33  33 

Hh-5 

• 

•  iQtHCO 
CO 
W 
05 
33 
W 
W 

u 

0 

a, 

w 
O 

H 
CO 

yuuuuuuuuuuuuuuuuuuuuyuuuuuuuuuuuuuuuuuuuuuuuuuu 


88 


w 

23 
M 

33 
O 
CC 
03 
33 
CO 


CM 
W 


*  CO  W 

>  h  cq 
a, 

cq  H  I  H 

VI        MM     »V)CJ 
MM  <S        U43 

CM       tq     .>       Q 

mm  >  cc  z:  <:  Q 
cjLiiM  «:22  xw 
xcq      cc      XH^ 

iq        (JOSWWZ 

cqHOO      H 

»53      cccc— <:Q 

t/iMf-JUju^o^s: 

u-iMUM  OC>«a; 

ZDH^     ».  I    iq 

HCCHCCOCO-aJCC 
aaji/itii;  i  o 
ocdz     Hr««3 

en  mcjrtjcn  m 
a  iH  cmxs 
U3.cs  wwzmx 
qcoctjcc  wh 
cch«3  3)HH 
ows         caws 

^       «t,OZH 
CO      HOOCmH 

OM  53«33uj 

M  <r)  3  Q  O  OH 
H  H  O  53  M  H  CC  cc; 
U  w  cc -=JJ  co  Q  cq  «=c 
53Q  coOcsrc 
3     eg  rq  m  cc  co  (j 

Cv,  53  O  'J  *J  (J       3 

Hcc<ccccocqo   • 
M     co  re  rq     s^w 

COQ       OCMCqHC^CC 
cq  rq  Q  s;      H  W 

S3  53  H  «=C  X  <=S     iQ3 
MM      HCQ33C053 

«:q         ejected 
in^wz    vo      cq 

K*)hHHH     i  CQ  W 
U       (_)uqcMU)C^Mi-M 

<tozooo  .«w 

WMMCmOCm^UCC 


CO 
W 

CCS 
33  UM 
MM 
-33  CO 

wx 

MCO 

MW 

<UM 
U-IS 
CMO 
COCJ 

53M 

OU 

MO 

MCQ 

<5U 

HCO 

53 

UJ,l-q     • 

SMS 

W<< 

cmmcj 

S«*JO 

Mecca 

OCM 

OH 

53  CO  CO 

OH 

cqcMCC 
cc      h 

<z 
cq>H 
CC«=>3 
WZQ 
33       cq 

MM-IC-J 

CC33 

HH 

••      U 

C0Cn53 
WOM 


S3 

o 

H 

H 

«; 

H 
53 
W 

S3 

H 

CM 


O 
H 
p-t 

53 

o 

ss 
«=« 

o 

o 

CC 
Cm 


S3 


* 
* 


CO 

w 
H 

cq 

M 
> 

<a 
cc 

M 


s 

w 
cc 
«; 
H 

u 

M 


*co 

ou 

UB    •« 
OUQ 

<<«: 

CCS3« 

Q       CC 

*C0 

»tN 

COX     » 

co«=s53 

tq      :*; 

Q  *CC 
r-co 
%cc 
OCJ  * 
53«;M 
<flSPM 
53        W 

CJ    *co 
U^QC 
«=c 
»53    «. 

CNSCOQ 

s«cucm 
33  u  coco 

CJ3  u-IM 
CC  >»CC  «=C 
"^(NCMJE 

s53     *    * 

«-  s«w 

3  0CQH 
O  !*J«s: 
CC     >CM> 

<    » 

»so    » 

UJ<Q!J 

CJ  s 

53     «    SU4 

<S<CMM 

53U 

cqosw 
H  Q 

«;    *  »m 

U)H 
»OW     « 

SCO  CM 
CCHXW 

M53«lc-I 
xaJWSCO 


O 


M 
W5 


*  *  * 


co 

CO        55 
*W     *M 

UCM'=s3> 

CC      M 
UJ     vUJ     » 
53^X^1 

ujuiM  aj 

CO      CC 

vUJ    %o 

CNCCCN  585 

PHU|U|> 

CO      s 
z:   wy    s 
WCOH'— 
WCO       S3 
^     sLC 

r-  CM  CM  53 
X       S> 

CO    «w 

53«=CH  » 
WO        CO 

QW    ».H 

StNhH 

OhW 

x    o> 

M     *^> 

cos  cm    s 

ZC3C0H 
UJ53        pq 

Q        *> 

»AiO    » 
ZhC)>> 

cqcaC11-! 

53CCCD 

H  s  «• 
W  sCOH 
CCCNJC3  53 

HHM 
s53«=:0     * 

Uu-h-sm:*; 

53 

o 

M 
CO 
i-l 

cc 

CM 

W 
H 
cq 
33 
U 
« 

*  *  *  * 


H 
W3 


U 


53 
CCi 


H 

«5 
O 

H 
O 

o 

H 


CO 
CC 
uq 
M 

53 
CO 
U 
O 

co 

< 

Q 
w-l 
CO 

33 

W 
CC 

•=33 

CO 

cq 
H 

'XI 

-^ 

H 
CC 

> 

LC 

CJ 

o 

uq 
M 
S3 


O 
55 

H 

C5 

O 
H 
H 
O 

M 
W 


<C 
•  3 


CC 

cq 
O 
cq 
H 


CO 

cq 
H 
U 

cc 


cc 
o 

M 
CO 

o 

H 

a 

UJ 

co 

33 

cq 
cc 
«q 

CO 
cq 

H 
CQ 
<C 
M 

CC 


CC 

cq 

O 

w 

M 
53 


CS 

O 
H 
H 
O 

Uh 

cq 


CO 

cq 

CM 
CO 

tf-l 
cq 


CO 

cq 
cc 
CM 


CO 

cq 
cs 


CM 
CO 
u-1 

Cd 

s 
53 
M 
**, 

o 

<: 

cc 
cq 
O 
cq 
H 


co 

cq 

Nl 
H 
CO 


CC 

CC 

< 

cc 

CO 
H 
H 
M 
-=C 
M 
uj 

pq 


O^UUUUUUOUCJ^UOU^'wiUOU^t-'^U^-' 


U       UUU       (JUU       U^CJ 


89 


+U1 
OHO 

OMAcrt 
-»«aS' — 

CJPh;>« 

Z 
O 
H 
CO 
Z 
W 

s 

I— I 
Q 


co 

O 

co 
w 

05 

Q 

PM 

Z 

<>3 

3! 
Z 

=1 

EH 
3; 
W 
> 
P4 
PC, 

O 

H 

CO 
X 

«J 

«j 

03 

PH- 
IS} 

H 

HH 

< 

H 

tH 


N 

o 

o 
o 

o 
o 
o 

o 

o 

• 

o 
* 

u> 

N 

CM 

H" 

tH 


N 

o 
o 
a 
o 
o 
o 

o  n 
00 
.0 
00 
#  o 
00 
a>o 

No 

□  o 


NO 

Z   \0* 

woou 
NOO  N 

ooox 

OOO     <» 

000  \ 

0000 
00    .0 

O     tOO 

00*  o 

o*  00 

•  ocno 

OCT,  XO 

#  \<JO 
OCOtH     t 

en  en  wo 

NWM* 

X23EHO 

£-|CM     hCi 
CO     »\\ 

zNow 

yoow 

QOO?» 
vOO     «. 
NOO  N,^ 

OOOOO 

OOOOO 

oouoo 
OO     iOO 

o  »ooo 
00*  00 

O*  OOO 

000>0<-5 

iui  \    •     • 

O   XCOOt-J 

#  <3  3#  * 
OCJHOO 
CTi  WQCnCTi 

\s«3  \\ 

<3  <C  «3  "33  «33 
HfcHtHfcHtH 

t_)  i-4  M  M  M 


CO 
tH 
5S 
«*3 
tH 
CO 

z 

o 

CJ 

w 
05 

u 


N 


O 

z 

m 

N 
N 

» 

N 

r-CO 

«~N 

(Tico 

COW 

N>" 

«  * 

*N 

H- 
«33Ph 
sen 

N*l 

p»- 
ct>N 

•  CM 

coco 
cnw 

S3 

03     % 

MN 

%o5 

N\ 

-33  CM 
SCO 

«=C05 
C3<3 

«3<a3 
HH 


O 

t 
Cs) 


w 
H 

04 

«sj 
H 
05 
<i 

P» 

?i 
W 

PM 

eg 
H 

W 

«: 

M 
tH 


PH 
W 

o 
u 

s 
<s 
ua 

O 
05 

cm 


PH 


Q 
py 
03 
H 
co 

PM 

Q 

uj 

M 

tH 

O 

Q 

Fh 
z 

H 

05 
Cm 

>t 

US 
•33 

s 

CO 


05 
O 

PM 
tH 
Ph 
H 
CM 

O 


PH 

H 

&a 

H 
S 

Ph 

W 
ti 
W 
Q 


O 
CM 

CJ 
tH 

O 
CJ 


O 

z 

t 
Oi 

W 

• 

cm 
co 
w 

cm 


05 
O 


05 


uj 


O 

tH 

O 


CO  ^-s 

UMPM  W1     t 

COX  WW 

w  xco 

05    ■. — ,  1—1  I 

CM  J>*vO  *<  ph" 

^-,      PMt-  CXPH  O 

r-i  N       wi  «  r-i 

0>OPM     o        II  O     1 

cTia>cor*,— cm     ro 

.COW"-'     COEh       II 
p,     »ca  WQWtBO 
"— T*  Cm  Eh  tn  05  CM  Eh  £h 

W  ■ 'H       CM  S       05 

Eh  Q  *—05  O  ~-^0  O  cm 
H  <C  3  CJ  (JOS 
U5PMPH  u-i  t_> 

^U5M  H  U 


□5 
O 


05 
H 

I 


co 


CO 
H 


Ph 


W 


PC, 

tH 
PH 

(-5 


PM 
CO 


uu<~> 


uuu 


^-lUU^JUU'' 


o 

UUUUr 


IN 


u  t  tj 

(Nguyi'i 


90 


^N 


If) 

*~* 

(-0 

CJ 

o 

CH 

tH 

Uh 

U 

Uj 

U 

o 

35 
H 

H 

CN 

^, 

:c 

U 

CN 

yA 

«-s 

3 

«=5 

LJ 

<=H 

O 

Ph 

P 

> 

UJ 

ZJ 

i5 

UH 

w 

p-i 

» 

<q 

U) 

03 

55 

^~ 

S 

US 

M 

CC 

U 

"" 

r-CJ 

• 

=3 

>«c 

CO 

>--Oj 

o» 

o 

s: 

H 

oco 

&a 

crt 

> 

-z. 

*(H 

• 

cq 

3 

o 

H 

O 

CN< 

Oh 

CO 

CO 

03 

Uh 

uTi      k 

^» 

01 

w 

OS 

O'" 

rs 

w 

H 

o 

H 

EH 

SPH 

* 

as 

cq 

S3 

< 

<C 

>co 

*■ 

3 

« 

H 

k 

O     >2 

rvj 

<C 

O 

H 

H 

o 

CO 

,—  P-l 

s 

*— * 

3" 

H 

3 

O 

o 

O-St-3       -^ 

3 

• 

o 

> 

U 

ii 

H 

^oo 

OQ^^O 

^ 

Q3 

H 

re 

&H 

Q 

r-zon^-' 

> 

o 

Q 

X 

CO 

rH 

oo 

>^^-< 

■ 

O 

H 

cq 

s 

Q 

HO 

o 

*     »C^  <  o 
CNWhOPh 

+ 

«•■» 

Ph 

Q 

CO 

^, 

o 

oo 

HC0«WS 

'N 

Uj 

_ 

H 

H 

CO 

o 

u 

rjc_5 

•OC0    »SO 

# 

CO 

UX| 

O 

H 

w 

-SC3 

O 

<5  PH  — CJ  "•— 

■ft- 

UM 

co 

W 

O 

H 

<q 

Q3 

<CO 

U3 

_r- 

m-ZC^- — l/J 

•_n 

03 

P-l 

a. 

*"■ 

O 

LT) 

u 

> 

Ch 

i<T- 

w 

O 

s^-zu 

^ 

«! 

U5     . 

CQ 

<"" 

VI 

« 

«=c 

r- 

^ 

a_; 

tH 

»# 

CHHU- 

v^ 

<«JW 

Qh 

to 

-a; 

o 

&H 

n= 

CO 

r- 

COO 

<C 

O 

*  <~  £h  CO  ^  i- 

•f-l 

• 

CO 

£3 

S3 

w 

w 

H 

s: 

u 

H 

Oh 

"—EH 

3 

H 

O|C0Q       *- 

o<— > 

tH 

t 

w 

W 

03 

K 

^^, 

<=c 

S 

cq 

•  O 

f-  S3  55  X*  C_ 

I'- 

Wr 

a-a: 

Ph 

C/J 

tH 

Cm 

(/] 

oo-» 

SJ 

t-t 

W 

oo 

H-| 

bn<t: 

CO  W  Uh  r-       \tn 

•  CN 

WH4 

3 

3 

.— , 

. — . 

__^, 

OCIr- 

, , 

3 

H 

MO 

«: 

CJPh 

CO  tH  Uh  S  CO  CO  as 

u> 

•     • 

Ph 

<—>.—■. 

U)— , 

o*-> 

1 

J1<_5 

u  1. — , 

Uh 

""■ 

H 

i— i 

•  au; 

UH  ~—        LiHH*1^ 

UhU'* 

c-i 

US 

<-jo 

C_><_5 

r-r- 

—*u>*j\ 

CN<"~ 

25 

Uh 

*s 

tH 

uh  zc-       O  •— ' !— '  ^  1 

CO    «OOi  II  IT 

i    i 

O 

cno 

CTiO 

cno 

25 

*COLT) 

c>o 

H 

s 

II  = 

H 

»—  II  O  Oh  (J        2WUJQ 

iyr^o-nn     ^ 

UH 

cricn 

CTicn 

cncri 

or*   hd 

en  en 

H 

3 

z 

co     r»     3     >•>> 

05  — 

W53 

II 

»O0 

<o 

•CO 

os' 

VD 

03 

:*: 

— 03 

H 

tO<N 

II  33 

ll 

3mU«OC 

i 

to 

r-    » 

r-   * 

r-    «• 

U5P-I — O 

r~    » 

P-I 

cc 

CNG3 

p-iuio       CO        11    II    II 

<HH3«HZ; 

W 

^-T^ 

*"*T*» 

— r* 

HHQH 

^-r^ 

CO 

u 

— H 

tq 

03C0HCN3 

^» 

"-H 

<3  03 

ZD 

3 

W  — 

W— 

ww 

«5H>=r: 

W— ■ 

:=> 

«eC*Jj 

£H 

QjW 

CO          co  o  <- 

'CN 

— 030~H005 

u3 

EhQ 

E-<Q 

HQ 

«— 

EHO 

fHQ 

H 

o^- 

«aj 

%-'CG  O  CO  H       Ph  S  = 

l^-- 

cso     <O05 

«! 

H<S 

M^ 

H<< 

suso 

H*3? 

>H 

H 

w 

H 

IhOWh"       k-KU-1 

Ph 

UM 

M 

p« 

USPH^ 

US  PH 

USUH 

Ph 

US  UH 

PH 

«*J 

SPH 

CO 

Ph 

ucj  i^       u-'  c-i  <; 

;ph 

M 

H 

«SJ 

1SU3 

3P5 

_C  US 

M 

US  US 

1-1 

u 

UM 

u 

H 

UhO      ^p=»s^» 

tH 

03 

1-1 

* 

PH 

PH 

<z 

^y 

P» 

\-t 

U  1 

<U) 

u  ) 

t_) 

U  ) 

V_J 

U)tJ 

I'l 

?UUUU^       'w'            o            u 

UU)     oooirio1-'      *uuu 

vjjp> 

91 


CN 

CN 

* 

* 

co 

* 

* 

Z 

^-> 

•^^ 

o 

Q 

Q 

H 

< 

<G 

H 

oj 

cn 

H 

33 

33 

Q 

CO 

CO 

^, 

a 

*«* 

^— ' 

^_, 

O 

Z 

z 

9 

u 

M 
uj 

Hi 
CO 

<^« 

«C 

03 

* 

* 

f 

J 

w 

CN 

CN 

^O 

UJ 

tH 

* 

* 

N 

*J 

«: 

CN 

# 

# 

, , 

O 

iss 

t-J 

33 

33 

• 

IN 

CO 

M 

Z 

u 

u 

1 

tH 

O 

U-l 

«J 

«s 

«; 

CN 

z 

U 

t-i 

co 

s 

s 

* 

^-, 

HH 

M 

** 

Z 

r- 

■* 

# 

# 

«^ 

CN 

CJ 

h1 

O 

• 

• 

^^ 

w 

* 

co 

Ui 

* 

-3 

—j 

CO 

r*« 

r^ 

Q 

Cu 

* 

z 

u 

EH 

Eh 

23 

— rf 

* 

->^ 

Q 

^-v 

O 

Eh 

'J 

h! 

H 

z 

-^H 

N 

•* 

CihW 

O 

CN 

H 

<C 

<*  -1 

<c 

a 

H 

r-M 

«-s 

W03 

z 

>-" 

tH 

< 

U 

^^ 

25 

O 

Oi< 

CN 

CN 

QCO 

-a: 

Hi 

H 

CO 

tH 

cj 

O 

CM 

=3\ 

* 

•»•  — , 

CJ3 ' — ' 

1 

W 

Q 

tH 

> 

23 

03 

CJ 

Wf 

* 

■»■  CN 

zz 

o 

>• 

z 

Z 

O 

uj 

H 

Eh  en 

, 

— v* 

<=5H 

CNrtJ—s 

O 

eg 

+ 

Uh 

ZCN 

* 

w 

-=S 

23 

*  uq 

•a: 

Q* 

1   CO 
M* 

*  05M-I 

*  331-M 

>l 

+ 

CJ 

25 

O 

X 

*o  i 

EH 

CO 

, , 

Eh 

m 

cEjn 

^Og 

-*COQ 

H 

T*— 

« 

a. 

, , 

04 

(NXN 

< 

Z 

«— 

cz 

33 

33< 

2h* 

CN~-^CJ 

H 

-a: 

H 

^ 

9 

h| 

c/jr^N, 

3 

O 

33 

03* 

CO 

coce; 

33* 

'  ■'%£,  Z 

CJ 

53 

«aj 

b 

■— « 

< 

cocoes 

H 

U 

Hi 

*— * 

*~<z: 

C0»- 

_^ 

CJ  (-!•=«! 

o 

53 

CJ 

<: 

33 

w      * 

hi 

Eh 

< 

<C^3 

z 

zco 

*"• "33 

CN 

\CO    | 

Hi 

-^ 

,-3 

CJ 

H 

03*   * 

«*J 

H 

S3 

r— 

"*"1 03 

CN 

H 

H*~" 

ZCJ 

S3 

CN       Q 

UJ 

CJ 

<C 

PH 

cq 

Z 

Cm       — » 

H 

a 

> 

NM 

co 

coz 

HK 

9 

CO*  «c 

> 

N 

H 

tH 

S 

W 

VNCN 

H 

z 

O 

H 

23  «3 

H 

# 

■«■  H 

UJSCNO. 

co     a 

CN 

EH 

H 

CJ 

(Nl/J— * 

H 

cj 

z 

z 

U_i 

z 

CN 

CNC/J 

N^-jt.  ac:u<(Nuj^^q 

L5 

* 

HI 

CJ 

*"• 

z 

--IC0M 

25 

CJ 

-=S- s 

H 

H*  *~ 

M 

* 

*  ■«■ 

,->   t33«=5n: 

;>.r;cNco 

H 

* 

-^ 

O 

z 

.-^ 

O 

CJUJW 

H 

K3U-tcj 

CJ 

<        33 

U 

* 

■*  CN 

»-  r»cj — cjw— '--' 

«=5 

, — , 

— 1 

H 

M 

CN 

H 

P»U3S» 

05 

XIUJZ 

Uj 

«3CJ 

UJ 

r— 

»-# 

^^-*u3tH«:     cj  z 

IN 

UJ 

CO 

"*-> 

E-f 

CL,CL| 

Pt, 

H 

coQ-a; 

*  ZrtJ 

33 

33* 

9  — <  CC  23  «•        <S 

*r* 

■-> 

Uh 

> 

C3 

CJ 

<s 

co      + 

O 

<C 

*—Cj:*i 

03 

3S53 

S3 

CJ 

U'~ 

CJ* 

Ol 

*    EH 

3D 

u 

O 

N 

z 

*+ 

CJZ33 

o 

r-<q 

CJ 

<5 

<!33 

03'-*  CO*  CN        X 

S3 

z 

* 

«-s 

<J 

«-      CN 

z 

Hi 

z«a;co 

fcj 

coo* 

Uh 

S 

SCJ 

«3JC0 

•sJCNCN 

H 

tH 

z 

z 

CN 

<: 

uioi 

o 

** 

ra;^—r~- » 

CO  — 

+ 

+   -33 

— vjr- 

*  — 

N^-*  *Z3  X-i 

X 

03 

O 

«! 

CN 

■*~ 

c-i 

23  Wt-i 

M 

M 

RM* 

UJ 

WMtH— » 

UJ 

t 

•  2-i 

C-l  M41-M 

INiiUW 

«3 

CJI 

M 

as 

aj 

H 

UJ 

wwz 

tH 

c-i 

wmcjij 

Z 

USUjr- 

*£, 

U1 

tl  ) 

HjUJE 

*-~"~ 

"^-^w 

2J 

UJ 

CH 

l-M 

ui. 

W 

HZW 

«*: 

H 

QHH 

O 

CmOT— 

O 

^^ 

*— ' * 

cxojw 

"UOS2 

Q 

-aj 

00 

O 

> 

w 

— uj     o 

1-1 

Z 

WQ 

H 

cocj 

H 

• 

CO      H 

^-* 

> 

cq 

k3 

9 

Z 

H 

>     no 

ED 

H 

II 

H 

II  Q 

EH 

II 

II  vO 

II 

U  II 

II   II 

EH 

II 

9 

pq 

> 

II 

«aj 

(-It  II        CN 

U 

II    II 

<; 

II 

<c 

rn 

II        II 

!l 

«C 

CJ 

H 

W      H 

Hi 

W 

&H 

Hi 

«-  II 

H 

r- 

CNJ— . 

CN 

II  --jCNCN 

Hi 

i-l 

h1 

w 

II 

cn 

3 

cnssQ 

<C 

Eh 

Ulh-IQ 

9 

x     co 

9 

s:^->53N 

CNCOCN 

cnj>hs  cj 

CD 

W 

< 

H 

32 

u 

hJEMH 

U 

>«S 

e>&-,.aj 

U 

CO-J^H 

u 

303^ 

33C0Oi 

^-,~- 

*il*2 

u 

> 

U 

<c 

_ 

U 

1-1 

h)HH 

Hi 

cjwo; 

Hi 

ZT-t-) 

-1 

CJ 

•  CJ    • 

'JW2CNt- 

I2Q< 

H 

X 

Hi 

9 

«; 

«1 

<qZOCJ 

i 

CD 

Z«OD 

«] 

UM^-^J-I 

«J 

w 

*mr- 

<5UjW 

— U4H-1Z  c-t 

««3 

«*i 

I 

UD 

,— •* 

23 

CJ 

IJUJtHCJ 

CJ 

«IHiC/] 

U 

PU^ 

U 

«;  i 

«B   ) 

SUttHJ? 

'QP»  =* 

U 

2^ 

CJ 

CD 

Q 

Hi 

■« 

* 

Q 

H 

Z 

«5 

z 

«c 

UJ 

CJ 

o 

U-l 

CJ 

O 

CJ 

CJ 

<w> 

UCJCJ               WUUUUU--           LIUU               cjcjcj 

CJ 

cjcjcj     uuuuuin 

92 


_^ 

« 

T 

^M 

w 

H 

< 

«3 

CJ 

2 

W 

S 

* 

O 

o 

UJ 


1-15 


CN 


1-4  JM 

U5  fcH 

*  U  tO 
W  2 

CJ  W 

21  W  Q 

<U  > 

H     <N  o  "»     Q 

>  CQ  tN       Oi  V) 

H  "<!  CO  MfcHCO  W 

+        2  W  O2H  W, 

HO  W  >w»s:  cj     pq 

— s      O  W  O  W  CUtH3!  Z       <£ 

— ,     Oi  H  21  to  >  coo  °5  -=a     H 

— „  <Q  <  21  EH    «»  H  Hcq 

nbHH  sc  o  »-   *  *    _^  «:  >     «: 

—•      <£  rD  m  H  XO  CS    »<N  > 

<!  CJ  CO  H      O  C02  «=C(N^-  03  * 

cj      w     —»     W  n  Miz:«a:  conawcM  o  —»     H 

W       W       -^      <  *-  Q       O  C^EH^  I^EHW^  W  t-.-}fN       3 

E     a     T     U  to  210  Q>»—  OtS>cj  x&q^--a, 

O     z     —  co  O^  w  W     «»5  co  co:=»H     trt 

•—    -a:     33     to  w  cjo  xvcj  *      *s  z  z;*;w     33  < 

CO  \      <:  •  05  <_>>l_),~  CN    »TM  o  woo 

OW^s  O  t-M  O        UC       O  t~t        CJ  S     *"~        t/J  O  SEJ     *  M  MS  , J 

CJ3'_3C0»—  »rou-lO<J^»a3P-c^t/Juqffi^_,  ^H  »   «,   *      _|       — ^-^ 

Q       H       — '      21  i-n  r-  on       t-,       0  ^       Un  CJ  W  CJ       U-l  W  Q  CM  M       <—        H  CO  CN        «a;       CNCN 

1— l^CJ  i-n  ca      i-m      uj^a;<a;      tc-«<s-'  ms^u^^i— 1      *■""*■•. 

#  5     ""'     H  O                   sos      \s      Q4  >  CJ  S3      a,W>o  2      o      W  W  cj      En 
-=U       Z       H  H                      WHfN  0<U       QW<=s:       H 

CNW^H  -^  H  W       to  — ^-. ^_^_^«,  (J       S       03  P»  S       2 

s     03     h     a  00  o     "H     tor^-roLDr^o^tnr-ocN^r  H 

«       H       *j       Z  OO  -- »  CJ        H       WO*-T~«—  rNCNCNCNnP0i~O  W.        — ^ — . — —■ ^ 

CJ        WJ        1—1        {^J  (J  i')U)  c-i        U5<_Jt_>O^JC_}CJ<_)<-JOO>— )  «=H        I'l^UCOOiN        -<s 

Z  ^  *-4J^CJ        0<~>  -->       M         Uh<J1U1<JHJ^U'I<J,»<J1<J'>0><J>(J1Q  M        IN''M*)^T^T         to 

P»        W        II  2     XN       OO  2       Z  «.<k***<k*H*«*=r  H       OOOOO        S 

•-•33  W  3ijn      (TiCTi  33       H        II  vO ^O ^O ^O MO ^O ^O vO \Q ^Q 'O 00  H       CTi CTi CTi Ch en       S 

I  H      ^     «*  05^"  *   *  03  *•* *—»-*■ **-* — - — — ■ — "— "  -z.         *   *   »   s   *     O 

"~3        H  U3WCJ       >^0^O  03       t-t       D5WWWWWWPLIWWWWCJ  M       ^D^O^v^O^O       <J 

II  W      -     H  HHH      ^^—  H      z      <1HHHBEHHHHHHHB  — -—— ^-r— 
EH       «C       H  «CH            WW  <U       H       WMHHHHHHHHHH  H       WWWWW       H 

-~.      «J       H       2  ~— Q3  0       Eh£h  **-      03       ^03030303030303030303030  2       EhHEhHH       2 

1-3       W       W       H  3CJ       HH  Oi       0|33  3333333a3U  M       HHHHM       H 

~—      Z3       bU  hh  W14  m  U3       U3  u;  Hh  U3  Lq       uq 

P"      CJ      ti      tH  M  J!3  M  (-M       ^u:3:^j:       um 

H  2 

«!  1-1 

<U  U3 

Qh  O  OO  O  i^3 

<_)  T-IN  (')  3" 

uuu     cjcjuon  u«'hticj     uuu  uucji'i  cjcj^'') 


93 


w 

cs 

M 

* 

o 

* 

-a 

— . 

•< 

Q5 

i~3 

O 
O 

«=: 

X 

U-l 

*-" 

M 

C5 

o 

M4 

t-l 

<C 

z 

r- 

U-l 

H 

«J 

H 

M 

•sz 

05 

3 

W 

O 

o 

O 

U-l 

33 

On 

H 

1 

O 

t-i 

M 

Q 

o 

UJ 

M 

M 

1 

« 

l-M 

o 

CJ 

S3 

w 

w 

M 

33 

z 

W 

M 

— »--> 

z 

-—w— . 

Z 

O 

^» 

<5 

CO 

«: 

—»*~3 

PM 

T™  T™ 

M 
O 

U-l 

^ 

W 

W 

u* 

"— «3 

U3 

+    + 

P4 

M 

,-» 

U5 

T— 

33 

z 

O 

<JC3 

^^— . 

H 

T-3 

33 

T^ 

+ 

M 

o 

W 

OW 

.— ^— « 

*  *•-' 

^, 

H 

o 

+ 

Z 

T 

u 

ws 

23 

H 

<C<C 

(N 

X 

EH 

T 

W 

^_« 

"? 

W 

so 

< 

OO 

H 

■»• 

W 

Z 

*—* 

O 

tq 

< 

-a: 

UJ 

P» 

CJ"— 

<C«q 

WW 

z 

# 

z 

M 

> 

w 

CQ 

O 

03 

z 

05 

*~*Z 

OO 

co 

ss 

M 

^_, 

« 

h 

Q 

w 

EH 

H 

3 

ZH 

WW 

tH 

oo 

O 

T^ 

w 

Q 

T— 

H 

CO 

s 

23 

O 

HOI 

2323 

Z 

*-*"-^ 

ti| 

♦ 

33 

^-» 

Q 

s 

<c 

o 

CO 

tEi 

COQ 

w 

oo 

w 

coz 

^3 

H 

^-> 

W 

Z 

r™ 

33 

1 

co 

w 

w 

Q 

►n" 

■w^ 

Z 

QM 

EH 

" — * 

r- 

M 

< 

Q 

^-, 

w 

t-l 

H 

\* 

u 

coz 

o 

uco 

X 

ZD 

H 

+ 

UJ 

T— » 

Z 

UJ 

T— 

H 

w 

C* 

« 

OM 

a, 

QQ 

W 

«=« 

n 

W 

*^- 

*aj 

CJ 

+ 

Q 

a. 

^>^) 

H 

CJCO 

a< 

«r; 

Z 

+ 

"-— 

Q 

^^.+ 

T 

«q 

T 

CO 

<! 

T* 

U 

QQ 

w 

o 

•»■  * 

W 

a 

a 

cn^. 

r-n 

H 

W 

■— * 

M 

O 

— s* 

EH 

u 

W 

CM 

Q 

N 

o 

r-rj 

+  ^-* 

o 

05 

< 

M 

35 

<-, 

z 

*  ■»• 

'-0 

■— -v-^ 

T3 

* 

O 

^-» 

u 

^r  w—» 

^H- 

33 

Eh 

CJ 

Z 

M-, 

z 

>H 

nn 

H 

■«• 

z 

*~ 

COT 

~—w  — 

— jQ 

c/l 

W 

-J 

W 

«J 

W~3 

■=5 

— w-~ 

1 

H 

'-^-^ 

^•^ 

«a3 

•+• 

«=<5 

033  — 

3J><— 

'-O 

X 

U 

O 

gg 

33  — » 

23 

nn 

<G 

M 

coco 

M 

^- 

n 

EHM>" 

*    «.+ 

+     <» 

w 

H 

z 

Z 

W 

fc-tU 

w 

-— ~— > 

KJ 

, — . 

U 

3LJ 

*q 

* 

P-l 

-— 

CO 

Q     » 

r-r-^r^r-jr- 

z 

^* 

•a; 

W 

CO 

WN 

CO 

coco 

W 

n 

a 

MM 

n 

Z 

> 

M 

U<!-> 

«cqQ  — 

~—:j 

<w> 

CO 

3 

=D 

Z—Z 

33 

35  ID 

23 

— m 

M 

QQ 

PH 

*-' 

M 

^^ 

C3J5T 

Z  ZZ  -=q  <C-< 

o 

a 

w 

o< 

cq 

MTW 

W 

MM 

y 

"% 

tij 

«=:«a; 

M 

p» 

M 

ss 

CO 

*"^ 

<c<i:«=:om< 

< 

2 

w 

COwQ 

QQ 

o 

> 

«M 

M 

>-' 

s: 

«! 

M 

^^nx 

TT"3  WW3 

w 

Q 

M 

en 

Eh 

Q^l\ 

W 

<«; 

w 

w 

U 

EH 

<c 

EH 

33 

EH 

s 

33 

M 

Q 

O 

W=3 

o 

05  Q5 

O 

23 

Z 
Z 

1    1 

O 

w 

OS 
O) 

w 

05 

Q 

H 

05  .,-,  -v-  _ 

EH^^ 

W 

tH 

S3 

Z 

uiioocnooi-r)*— 

<t! 

o 

CO 

-*« 

ua 

+  + 

z 

-31 

«-. ^-> 

w 

CO 

EH 

M 

sa'inr^oskO^Qm^ 

z 

u 

u-l 

M 

LJ 

*-> 

u-i 

««i 

II 

24 

■  j  •  j 

»5» 

M 

<J1 

II 

1— 1 

UOUOUQCJiJUU 

M 

1 

UJ5 

ft 

M 

""3)    1     II 

t-i 

. — »->. 

M-l 

— "— • 

(^>u>>j>wnjicri<-ntHt-iui 

23 

tH 

«S 

Q 

"*-* 

z 

nn 

W 

— , 

CO 

X!X 

w 

II 

W 

^-, 

co 

s     * 

h   »    ».   sC5  05    * 

05 

w 

CO 

05 
W 
M 

««: 

WO--» 

w  tr: 

W 
U 

q> 

33 

M 

r_ 

3 

cq 

II    II 

33 
Eh 

r- 

H 

Q 

33 

•  vO^O^^O^O^O 

vJD 

W 

Eh 
W 

33 

W 

^ 

+ 

Eh  "'-■*"'  **     -     r  '"II 
i_)  tq  u-i  i-m  u-l  u-i  u-l 

II  w 
PM 

►J 

w 

Q5 

H 

W 

CO 

pq 

ll  ll 

H 

*~- 

W 

< — -— » 

w 

+ 

W 

*~- 

CO 

ZHHHHHHOOEH 

Q 

> 

33 

EH 

II    II   33 

H 

Z 

-=3 

EH 

t—  r- 

H 

rj 

H 

«: 

W 

•HMMMMMWWH 

M 

co 

1 

«: 

H 

< 

- — _ — . 

W 

O 

<d 

+    + 

<i; 

"*-* 

<£! 

EH 

Q5 

"—05  O5O5O5Q505QQO5 

o 

■— * 

z 

nq 

23ZQ 

H 

nn 

23 

w 

H 

nn 

w 

w 

W 

w 

333:^53;30H3 

H 

w 

Z 

a 

iDU-l  <K 

a 

~*^~* 

U-l 

S3 

ZD 

*" "'  * 

=3 

M 

ED 

»Lj 

M 

u-i 

M 

1-1 

U 

23«C5 

u 

p<>* 

M5 

CJ 

U 

C3f> 

u 

S» 

U 

M 

z 

M 

tH 

M 

o 

H" 

H 

U 

H 

w 

M 

M 

CO 

U-l 

«q 

<q 

HM 

<! 

oaj 

«5 

l-H 

l-H 

U-) 

^ 

O 
C3» 

^ 

M 

u 

CD 
Lf) 

<-> 

U 

Ul 

M 

UUUU51            <~>U<w>            CJCJ^       UUUJ       UUU       UUU       iwJU1^ 

oouo-uu 

94 


u 


+ 

■"3 

o 

^-< 

N-»' 

U 

CO 

u 

% 

z 

«i 

^, 

o 

_, 

r" 

M 

*~ 

+ 

H 

+ 

o 

H 

o 

•«-* 

Q 

v-- 

H 

z 

H-l 

W 

CJ 

w 

w 

> 

H 

CJ 

U 

> 

k 

Z 

«5 

k 

.— , 

M 

H 

HH 

^-N 

T—n 

O 

<c 

Oh 

n*- 

^^,— » 

Ui 

55 

SJ 

' — v«» 

fcH 

PHT- 

M 

CI 

x«— 

Z 

H  + 

tH 

CJ 

PM 

tH  + 

o 

M 

UIO 

:><; 

m 

w 

UJO 

o 

O 

Z  — 

w 

m 

W 

z 

Z" — ' 

IT) 

CM 

wx 
QEH 

55 

H 
CO 

03 

EH 
«3j 

O 
U 

U-IPH 

O 

EH 

*C0 

W 

W 

< 

co 

>-) 

»C0 

H 

w 

ow 

H 

a 

CQ 

ii3 

o 

o 
o 

w 

33 

^?z 

O 

z 

>CJ 

t/i 

CM 

H 

t-H 

tH 

>« 

O 

w 

H 

05 

H 

bH 

O 

on  +  i-3 

H 

H-l 

3 

< 

1 

H 

w— > 

cct- 

r-i-3 

HO 

H 

,-, 

o 

O  """n  "~* 

o 

co 

HO 

+  >— 

H 

Z  — 

«H 

T— 

tH 

OCM^-X 

M 

UJ 

z 

z-— 

oxi 

<C 

wco 

+ 

Z 

Oi-^COEH 

«5 

W 

o 

wco 

—\ 

En  co 

z 

-3 

H 

O  32  CO  CO  -^ 

U 

|T1 

H 

Eh  CO 

«=«-> 

CO 

O^l 

H 

"— " 

Q5 

O 

OEH  WZr- 

U 

EH 

OW 

on 

z 

HuS 

H 

cm 

O 

ozcq^g  + 

H 

<c 

H 

EHCd 

o 

W— ' 

O 

%Cm 

O 

W 

r* 

o  cqiii  an 

«5 

w 

Q 

«Oj 

1 

S?H 

H 

W    s 

z 

C=» 

W 

r~    n    s    *,~- 

w 

U5 

Z 

-H     * 

o 

ow 

H 

W_ 

O 

s 

CH 

Ocn>sT"T~r-(-' 

CM 

O 

W— « 

o 

z 

i— i 

Qjf- 

u 

H 

w 

Br>^QQQ    % 

W 

Z 

o 

u 

«<— 

CD 

t«Q 

C_3 

M 

U  + 

CO 

UJ 

M 

MJ 

ir-SB«^r- 

1-5 

u-l 

o 

0  + 

O 

fcrlfcH 

O 

Z 

*0 

P> 

CM 

o 

+  <«;  <CJ 

W 

r- 

uq 

*o 

O^^-^. 

H<3 

'-O 

CJ 

r-  """* 

Un 

« 

23 

iDunn'-)'-}^ 

Q 

cq 

r^ 

w 

^~  ^~* 

~-^3  ^—  r— 

■  U 

u 

U(U| 

u 

«>5 

o 

H 

i "— •              «q 

S5 

tH 

CM  CM' 

—  C5  •*■   > 

o 

=  -} 

S 

u 

^^ 

< 

CO 

o 

<c 

S^J 

-t-OOO 

->ll 

H 

■'*•*. 

WE 

Q 

■ — ' 

HO^LfioLn 

< 

Eh 

3: 

W3E1 

-^T—  -— ^~- 

T — 

w 

HfcH 

W 

« 

<c 

c3tD  w^inin^. 

CO 

k 

HEh' 

— 'V^Oj 

+    .-^ 

O 

EH 

»z 

w 

H 

Cm 

CCjr-i-r-o 

05. 

O 

hA 

fcZCOCOtH—1 

O*~0 

O 

«5J 

OW 

a. 

<J3 

m 

s-^CMcncr\cricr 

W 

r— 

w 

O 

«53 

OWC0CJC0CE 

—-i-  U  1 

JS 

—~ 

UJ 

Ui 

1— 1 

w« 

»    »    v~ 

CH 

w 

55 

^^      i 

HUI^SL-I 

"^O^J- 

.— » 

H 

^ 

UC3 

i  ||  VUV4JVUU"* 

55 

+ 

«H 

.-^ 

H 

M       i 

J_,  ,-ij  U-J   ^, 

fcHw 

Z 

W 

W 

W 

CO 

co 

cc 

i        " ~- '    <. 

Z3 

W 

z 

u-» 

W       1 

1415QWO 

w«*o 

o 

" 

>     o 

33 

Eh 

iPSffiWWM^ 

o 

r-- 

no 

CCJ 

o 

s> 

cm         o 

KUh 

« 

H 

H         LT) 

Eh 

II 

^ 

EhH<EhHEh— ' 

u 

o 

LO 

CCi 

W 

Eh 

II       ll   II  ^ 

tnu-i 

us 

«sj      ^O 

u 

(_)  «q  UJ  m  M  H  W 

+ 

II  3- 

CO 

U5 

tH 

<c 

il          -- 

—SO 

H 

w 

3 

W 

_> 

CO 

z  ~-^c;  cc;  CO  Dh  h 

tH 

H 

<: 

3       CO       COCO 

ou 

«fl 

fcH 

O 

H 

r- 

w 

1 

Qi333H 

z 

O 

'-O 

w 

«; 

nq 

( 

J«UUO 

w 

>-- 

«1 

t-A      H 

«3j 

+ 

cq 

■—is. 

i                       « 

w 

QEh 

z 

•— » 

o 

_3      C0<SC0H3Eh 

H 

i-l 

i-q 

1-1 

o 

H 

1                       SB 

23 

II 

Z 

o 

U 

^       WCQ3tH 

V-i-i 

CD 

<c     u 

5-> 

** 

tH 

UH 

W 

"=13  0 

>-< 

MM 

H 

<;      wqicix^^sij 

i—i 

(J 

o     <j 

U 

U 

z 

M 

uq 

oou 

H 

<c 

(J        U|  uk|  CJ  U-l  CJ 

M 

* 

H 

H 

U 

w 

U 

# 

-a: 

«J 

1X4 

z 

l-k4 

<*J 

<_/ 

CM 

M 

CH 

O 

o 

o 

LT)       O 

CJ 

o 

m 

C3 

O 

UJ 

o 

t_j       r» 

CJ 

U  ) 

r*< 

U 

O 

^■ijuuiuuuir)      u  HJUU^UUU^) 

^o^uur^ 

uuuu^-uuij 

95 


CO 

W 

to 

— . 

<»: 

CN 

r-u 

u 

* 

cj 

# 

<aj 

U5 

Ul 

-M 

W 

1*4 

M5 

fi 

M 

Z3 

<c 

W 

ui 

3 

> 

w 

05 

* 

z 

CJ 

O 

,—m 

r— 

U 

Q5«: 

03 

>H 

05S 

H 

co 

W 

HS 

< 

z 

s 

<?«: 

w 

H 

CJ? 

O 

Q 

#  * 

H 

"-— 

H 

*  CN 

N 

< 

W^—.* 

z 

^. 

-^SCN-H- 

O 

r— 

CO 

r-S30(»-» 

s 

CO 

2 

+  «a:sT- 

«j 

co 

o 

l-5C3W  + 

6 

w 

H 

•*  *    «C  1 1~3 

O 

Q5 

6H 

h)\\- 

CM 

H 

eoscocj 

CO 

„^ 

CJ 

>Q5CJ\ 

z 

1      >-N-~< 

a 

VHUjCO 

CJ 

f""  T— 

<j 

i-i«:su 

H 

CO  +  * 

c_» 

^m      mi/} 

fcH 

u^n 

co 

=>*  tHW 

M 

CO  ^-*~-* 

c-i 

05 

><3        ■— U5 

« 

wcj*3: 

H 

1— 1 

<3fN       Uj 

z 

05  NO 

CD 

«• 

s:#  # 

O 

Cm— jy 

CO 

«— #     * 

CJ 

— «-s: 

pq 

>-) 

cc—^n 

+  o 

Q5 

1 

Hr-cn<53 

W 

*  T— 

z 

-^  +  cns 

z 

~M 

H 

1—1 

U  i  ' -J  V-M  *-i 

^ 

UHU 

«=t; 

MH 

l_>  Uh>«^ 

u 

•  i-M  t-1 

z 

cocjcmo 

fN>05 

H 

w 

w 

Ch 

H 

ii  ii  n  ii 

H 

II    II     II 

<S 

<J 

Si 

»-J 

— oqcoc/} 

-1 

ococj 

«aj 

3 

r-OOCJ 

a 

CJCJZ 

^ 

CJ 

->■  oicoco 

u 

CJ33<fi 

Qj 

H 

>"3HWZ 

h-J 

<S(JZ 

co 

«J 

— '  U-IU5W 

«=q 

P5<q  w 

i—i 

CJ 

(JflMtiQ 

O 
O 

U 

«S3<J 
O 

o 

CN 

o 

CJ  e>  +  — >co  CO 

zat-coT-UJ 
«a; «: :c pl(  — '-f  sco 

Z  «  CJ  i-1  ►-?  "J  U  W 
CJCOS>P'CJ  3  Cm 


u  It'lVJU  )Ou  |OOU  )u  I 

oujtjujyicni'nNi'iu 
OO*—  OOOr"T—r~r~ 
CT>cTiCTicrio>crio,icriO>iCTi 

CilWWWWWWWWW 
EhHEhE-iEhEhH^hEhEh 
HHHMHHHHMH 
U5tr,u5uqLqi-qp5u5u5iXi 


Q 
W 
OS 
M 
CO 

w 


o 


u 

CJ 
CJ 


o 

z 

I 
CJI 

1*1 


z 

H 

'J 


c->c_/i^r- 


CJUU' 


Ucjcj 


CJU 


96 


W 

< 

C3                    tH 

•a: 

Z 

LS 

=r 

03 

co             «=: 

H  || 

CO 

S    l|             >H- 

tH      i 

CJ 

w 

Cm- 

CO 

H 

O 

CO             Oi     » 

HO 

H 

3 

03 

uq              =h 

Z>1 

CO 

OOCN        HO 

i— i  <"- 

1—1 

w 

CC                       tH 

UMtH 

um          '=:,~ 

(J  UM 

UM 

^c 

OM 
ZCJ 

H 

O 

U3H        33     • 

cmz^ho 

o   «. 

H- 

H 

o 

co 

S— JD       25 

<o 

-»     h\z;cn 

W 

=1 

H 

U-l 

<!-       »       W 

HM 

Q 

V-O  cj  -  uj  u-i 

=»  II 

H 

<J 

rj 

WJCOCO— £3 

.    ^ 

til 

«  HQi,-n.     «. 

■ 

H 

P» 

h 

tlJliltM  N,» 

NP» 

UM 

S3      s  v»- 

\-N 

3 

<c 

EHW      w    \ 

m 

Qj 

<Hfn\. 

- 

o 

> 

CO  C3  »    •  •» 

OiO       SO 

cos 

CO 

U4        <'J         || 

os          « O 

COH 
\z 

U-l 

Uj 

tH 

SUM  II   «s;2C 

iJUM 

N 

tH          UJ         ^S>i 

Sr-i 

33 

Z 

Z3 

*    C5       te)\ 

D3 

• 

CO-    S-    Vh 

O 

«35 

EH 

H 

Oi 

S,      ^^P3m 

H 

co 

ZN^D    «.nH 

a, 

H 

z 

EHtHS 

-   CO 

N 

3=-   HO       < 

m 

«H 

u 

M 

Z»     OUJ 

^M 

s 

UUHJ<-        3 

*tH 

Q 

H 

„ 

;»a-  kM=3- 

OH 

QH>    »-  H 

«3J        t_)      ^«5 

o< 

CJ 

CJ 

N 

H    tS         «• 

lUM 

■ 

CNUUCNOW 

•  ?H 

Z 

z 

N 

m 

i-Mao~— *-o 

O- 

H 

COHUh"— 

OH 

M 

H 

■» 

N 

i<3WM           »— 

4N  N. 

o 

^^t-l  <S  tM     *    tZ 

INH I 

Q 

fcH 

* 

N 

•.03  tH     I 

H- 

T— 

\25aiM-   oo 

H  *J 

<! 

H 

* 

• 

•    OZO 

»C0 

1 

OH        CJ        CNH 

>o 

W 

03 

* 

* 

HMCN 

-  N 

o 

r-  O-    W  l|    HH 

-    H 

OS 

3 

■H- 

*||  UQCm 

s 

CN 

,Oi     »CCj           «►< 

uq 

Q 

1 

* 

00          «3JCI|      » 

ii 

&H 

O        OC0CN-    Z 

il  > 

W 

03 

Q3 

.UJUM        - 

% 

CN  03 «-  «             O 

trl 

o 

O 

03 

1 

OM        03 

>H» 

w 

UMCJ      •  \tr"    l|    < 

^CmlO-  Z      H 

>■*  uCJ 

(J 

H 

H 

H 

r-OZO  II 

H       N 

HH 

W 

H 

Q3 

UhZOCm 

HO 

II 

-        CNCOMCNCO 

HH 

05 

W 

Cm" 

«s! 

H 

v«;m      ug 

Ur- 

,       QU-iGSQ        - 

CJ< 

H 

03 

03 

3 

< 

EHQS 

O    i 

Q\ll  W    ^OiH\ 

a  3 

Q 

<U 

< 

i«3«:tqo^^-lo 

z- 

H-   cq      z;- 

H- 

1 

1 

II  CJOEHH\WcN 

rjcoc3«j:      OHH 

WN 

z 

o 

CO 

CO 

QH<0. 

>Cm 

OV^q  II  H<SO'J 

^>  * 

O 

o 

H 

EH 

CL)s>-i,-]>n       s 

cosas     h     Cjis: 

CO 

H 

=3- 

Z 

Z 

OS 

Q3 

O3C0  fXiSi       SCm» 

S  CJ  N  ^3  >h       X 

Cm\ 

H 

T— 

w 

&q 

O 

O 

=3-    HUCJXO 

Cm 

OH            HHn 

OS 

U 

s 

*^-i 

Cm 

Cm 

H\Hn"H'J        II 

Q- 

Z<H- H< 

<5 

o 

W 

w 

<C-    H-l^CtM^H 

1 

k     cjz    *co 

H 

H 

H 

H 

CO 

co 

Q3C0rjOM 

ZPH 

QC 

i  _::     h^^/^» 

z- 

H 

< 

<c 

H 

H 

WHS      U 

HH 

Wr 

'  CJ  CO  O     t  W  i>     » 

H     s 

BC 

U 

35 

t-i 

H 

ui<q     aju-i" 

2M 

U-l      1 

i  ^ZU^QQUjO 

zo 

«=C 

CJ 

O 

CO 

CO 

Z 

z 

SCJ  U-IZOi 

vj'j 

OiOSQ       <— -    Wr 

Sjr- 

trl 

H 

O 

=2 

WU1  03OC0OUjO 

COCN 

1       m  H  Cm  N,        i 

H     • 

«-N 

l&t 

e-< 

H 

03 

U3 

tiOH       r- 

■SH- 

-»    ^sm":   >•  so 

SO 

s 

o 

W 

«*J 

< 

CUCOEHW 

l0w\w   . 

h«JH       -   OOCN 

OfN 

H 

z 

■z. 

S 

s 

co 

co 

S       C0HUOCJ>- 

O- 

■iq  Q  Cm      ti3  .^  Cm 

JH 

U 

. »^-» 

O 

« 

Q3 

M— >H 

<C        UJQZCN             'OZ 

as  Z  03  II  \H    » 

s 

W 

tlDcO 

u 

CO 

O 

O 

33NPC 

UJ-    03  Z  H  H  H  W  "V-M1  II   HO  =3       rr— - 

H- 

U3 

0=0  ^t 

—^, 

t-t 

CM 

,-» 

Cm 

tH- 

t-!_jxi    *Oi003 

«:usa; 

CO  CJ  CO  CO  s 

««! 

uq 

W-  C7> 

U  ) 

*J 

a 

U  )«-s 

■ 

•           \tHU  )         t^t-M- 

E 

l-Mi- 

'u-i       aj  us       us  i| 

S   II 

O 

tW1(J> 

»') 

«j 

va 

o 

tU) 

CJ 

*  V 

J*   » 

UJ       |W           _M 

UhCH 

UH 

i-M      i-M «;      <=u 

us 

U 

%    Si 

CD 

05 

s 

Z 

CN     •  — > 

Z 

*  3*    • 

tOiOS      u-i  || 

QZ- 

U4tH03       Q3CQ-   cqrN 

QCN 

s;\or^'- 

o> 

O 

w 

H 

r-coa- 

H 

#  O*  COOCNH       03 

zw 

*Q3Z 

;im»  OiO    *«      - 

W 

«:njtMo 

•l 

O 

«=33 

3 

f*jFM<g 

3 
O 

»   W»    3-    Cm  m   m   m  ^- •    ZO-   •— 

1-   Sj»  ^C2»  H\-  H 

M 

r^ 

m 

— ^ j_j  —»•(_)  —    x          '^— ■ 

^—  \^  ^ — ■          \^^ 

1        ^~   *^  "1    H  T~" "            ,^4  —      * 

—  ^e-. 

OHHH 

>■* 

fti 

H 

H 

HHH 

»-q 

EhOHHEH-    tHtHEHHEHCXt 

iHCuHHH^    it->H 

HH 

W 

OHH 

w 

CO 

Hi 

«=?3<t:<! 

H 

<$  &m  <c  hh1  <c     <q  <c  <3  z  <  s:  o  <; 

rt;^^       LT)<30CJ<CO 

CO 

-— ososo 

HCL, 

o 

sss 

O 

s 

SOS  II   SSSHSO(NS[- 

iSSSzr-SDjiiSSuXi 

Z 

35  3:0 

HO 

P 

H 

Cm 

OS  05  03 

W 

O3C003PMP3       03Q303O03CJCMC3cCP3«^M!i,C13        \P3 

CJ 

Uh 

ustn 

« 

«i 

ouu 

u«;u 

UWUU'J^O 

>o 

UWU          *OHOOch 

l-M 

H 

3  CO 

l-M 

S 

W 

lmwW 

U-l 

l-M 

U-iVJIiHcq^HpMi-M 

HM- 

tM  H  U-i  H  l-M  U-l  •-    li)*5? 

uh-s; 

UJ 

m 

IU 

tfi 

■» 

*       *                 * 

*  *         * 

#  *      *  ■» 

# 

u-l 

o 

tr-i 

cr-i 

Ui 

o 

o 

Uh 

C-IN 

o 

("O 

in     r*i^Ln 

r* 

CD 

r»)U>r»            O 

CN 

o 

o 

ooo 

o 

CD 

C3        0>»-'— 

r- 

CN 

(NCNCN            rn 

11 

I'l 

■=r 

u^wk-m 

o 

t_> 

CJ      uou 

<-J 

o 

cjc-JCJ            CD 

O 

CJUCJ'-               u*-      ' 

juuuuyuuyoiujuuucn 

CJ^v 

ai     o>cncn 

C7> 

C7» 

cntncn          en 

CD 

97 


H 

-   \ 

S3        M 

03        -                O        * 

•  i 

C3 

^s 

U3 

r- 

U 

23 

o     <s 

O      to           Z 

to 

H 

=* 

cq 

O 

II 

u 

ON        "*     * 

H 

5S 

CD 

H 

H 

1         uJ 

J        S3 

H 

co 

*fc 

23 

z 

U-l 

CN- 

?-t       H 

1                          H       * 

ZD 

M 

«c 

33 

H 

> 

% 

O 

>t          ^,     '-a 

<J) 

33 

4fc 

Z 

O 

HO 

N     = 

-  -        H      * 

W 

H 

*t 

Oj 

U3 

Z»— 

•      <c 

_^N.        *C0      H 

W 

.-«.          ^-<               ^^ 

*fc 

33 

H 

H    • 

CO 

-    -         IT)\      S3       * 

^-                           N 

«    ^ 

u 

H 

->! 

OO 

N     « 

COCO       r- S3       <s 

Cu 

*^m     Z                CO                       - 

N 

«; 

<; 

UlCN 

33         Z 

W,        i           pq       ♦ 

O 

•    UIM               N,                   Uj        - 

m    ^p 

53 

23 

Cn 

H 

53  S3       b0            03 

r/}a3t>          S3              \     \ 

• 

• 

X 

33 

H     «. 

H 

CN-         H       * 

>* 

->H-=SH       ^.                     S3^^. 

'j=* 

s 

H 

t-; 

«*- 

S3 

P-i     h— »VJ 

03 

\«5  CU  W  . — »               ^,            -    h-I 

^■^z 

v 

M 

M 

*    «; 

.    .            «U1  \-         * 

«) 

•    CJCJtd-PO-         -                     <5 

-     IM^SC 

CO 

to 

XI 

X  II 

cn      uq 

*    »      •    r—  v     'V 

y; 

tOCOH             S3»tO       »    O  O 

f^2 

N 

3 

< 

H 

r-       03 

LOLD                 tCO-          * 

S3 

W  <C  H       CJ3  N^D       X         Va3  to 

2:2* 

23 

«~w 

23 

M>H 

.      H 

r-r-        ||  uO^uj 

=3 

W  0j  ii  »    t<3  O  »-        S3  ^-4J-|  N.'a; 

\H 

V) 

- 

Ut-t 

u  )^->aj 

t     •             IN23H       * 

V) 

—^5               "\«     •             N'-TH 

ejej-w 

»       <M 

N 

OH 

CN\- 

lDlO       •    H       ty 

\o     .  ton     lo        ji   i 

s<;  pq 

m 

"  N 

HO 

PM-     N, 

■-!■.<  «-«      »      ■»           _j            -ft- 

«SJ 

••    t»-l »        <»T—               i  ^        >    r-  u ) 

uj;)* 

s 

pq- 

CO 

wu 

WJlm 

pq  Uh  N^CNJ  .    -     rj 

C0p3    *U")     »-  -  m         »    .CN-   - 

O 

wen 

N 

>M 

-    N.V1 

«    v-   M          sj-M       * 

to 

"s,    o    iui    n*«.    a)unPH    »* 

-     C/J=fP 

T— 

pqpq 

23 

•    MM 

S3  H 

.     -     U}      k||   U  )(LJ 

M 

S3     ^~oiNo<-i)-  win    wj  >o 

»PH 

• 

3!  PM 

NP» 

II        W 

S,-         r-             * 

— ».-^      -       »^-PHr—  r—        \    |  PL,  m    r~r— 

u'l      ^s 

o 

U3 

o 

U3 

||     ||    5C         -        |         ^       ^_ 

.    o 

-   LD          »lDUh     »    •     >       lDlT)     s          i     i  — 

,^-z 

CN 

COO 

— 

T—  V-i 

>H»    O 

H   *tn-  N*  N     z 

CO     I-   ^3-CN     *-   OLD  l|  t-CN-     ||LT)tn- 

•  33^ 

By 

ZW 

* 

•  O 

H    *&q 

.    03       ZCNCN     v- 

H 

Wo    »•    iH-        CNCN          .H            NCNtQjno3 

H 

OQ 

O 

Q 

H^riQ 

*W-   HH&H^IO*  * 

3 

Wr- LTlCn     »            tHpMOjLn     «.       »    Ci^tHOS 

CN       =* 

• 

M 

T— 

CNH 

u«- 

<NH     *0    »   <•    »W 

o 

CSCti     .H-     II    II      \    %CJCN-     ||      >    »   »< 

HH 

H 

t 

hz 

o  . 

MZLDOi-  ••  cnuj-»--». 

H 

CJ     »iD     »                 -    j    •*  Uh            CN-   -    UJ 
W-T-.         tjuj       rH*      u3H            O 

«.X«: 

II 

H- 

o 

nW 

Hin- 

Wa)i-                   H03 

H 

-    W 

Q    n 

CN 

-   Z 

WCN     « 

-  O    iHH  II     »0*  * 

O 

(-J       Cn       ||  O^  II        03-    II  O     «.||    II  H 

Z*t 

CN 

za- 

H 

O 

>H^3- 

un«a:z     -  w 

H 

s            <C«a3         II   33             <•               H 

II 

O    • 

N 

II  cn 

H    i 

E-tZCN       H-         Q#  * 

H-ltHHHP-l       tO       rqH       --^ 

.=** 

H 

Ocn 

• 

S3 

z-  cn. 

-^Z(h>hO    *ll 

1 

Z 

H 

cNQ 

Z        Ci,NsM«a;     VHO|(N             ** 

%U3       W«!3333«?^H       <SE3Z^|CN- 

•»fq=a= 

H 

H    % 

II 

U 

«;  ||      *-   OS3-   H      H-   - 

Q 

cr  rq  n  ^  c^,  to  to  ^  <a  z  — h  to  h  h  h    <»n  h 

O 

«SJ» 

H 

S3      -  c/jOi&q      CJH    *   *   %»  * 

M 

■  cq      0  03           B^OQM      ONs-OM-q*t 

a, 

H 

>H 

ZH 

r-q>t      [ 

i3       CO  II   O^J-    Ncf 

33 

0>^>H23Wrqoa3L)rJ3iycu-  -      i 

«.H 

H  II 

EH 

H^ 

COH  ||  1 

«H3       H            H     i*  # 

U 

ln3H<t022tn3)      ~—to  z               o 

-    0|=S: 

H 

H 

H 

OH 

DM       1 

23«=sacsrq>iH    *^n 

— .■"! 

*ZM           OO      toH           OHHHr- 

S3 

^ 

Ztq 

U 

OiH 

CQCJCNCJ             W>H^»H-** 

\w 

UXWJUul       -<iriq'J<!Z2Xi 

HO"* 

*-»HH 

U 

Z 

O       mMCQphH       HH          * 

CNU3 

SUWZ             ZH       ZZ             MM     <ZZU 

Q\     O  — ,H_HH 

frH^EHO^OSfcitJOtH-    ** 

H 

UHHOHHOZQWOHQOO- 

H       =» 

40q^s 

V.u_|  N-SO 

OH -a 

i— I      wyyuia 

*z: 

II   «;wn,(jrt;fl;ij(jZt-|(J«!^tAm 

CJU) 

C31t- 

•  mm<;»  p-- 

,25 

>H 

QWU       H       MM** 

-     MM 

23>P-I                         (JCJCJ             C3              || 

U4-^3= 

O    i 

iH      PO      toe3«: 

H       O- 

■  <:h     hwhu 

PM 

!-j            r^tnuquJM       UHHC3'OHh 

3 

1/)0<<4S5  \HCH 

Z«U14 

»U3  dJiiZ^a;*"    ■** 

II  w 

M^ac  |  <«iu;<!tiUi*i<wc/i«;<c/5H      =* 

CN  H  O  \«3  S3  cn  - 

03Z       3-       ZZW                   > 

CJ<3<M       33=1       «a!       Cn       33                 Q3  «J  Z 

pq|i-i33HOCq 

s\ 

Z<UH 

i2H<SCh>hHCN#  ■»•  En  to 

2:W0333WtOH>i       H  W  >-•  53  H  X  ^3  ^3 

13  --* 

O    ' 

»CJtH^3Q3 

33- 

OE<!0>2QSOQH«!H 

z<=5 

«:a303Wa3tO«a:Q-(>HOOH33CJH03cnxc3 

» 

MU 

H- 

20) 

Ol  W       Cn-=323Hai       H          %** 

H^3 

cHHt033HQ3MtH        OHZ        H30tH        =»* 

Q 

«3W 

to 

*     N 

S3CJ1<«5 

*23  O  ^0  S3  tn  CJ  «=5  - 

O 

2GUlU~i       C/)03W<!i-lQ       U        C3}<CLOHMtO 

ph  II 

CJM" 

»   pqu  >U3  S3 

<_>i~>cy 

■  m-i  ij  pj  ^  ^:  ij  <j      ** 

PM  PM 

vjmiiniiwiu^uiajujiinjuxwujuji-iuiM^ 

n-i 

P4 

V*-l 

•  cj 

I^U-I  hM 

UJ^UJ^lJ-K-l^tH 

23 

ijM4PL|-spy      aj  e-i  ^5  ph  «=;  m  O  p-"  c-i  m-i  ac;  ss  tq 

0,CN      wo«o<c 

1          S 

II  n    1           1    ZHS3Z*  * 

O 

3C03Q3003        HZP-|OtC3W«:ajZQ3 

UJM=» 

.-.CO            Qi 
\-  H-  - 

—  &4r-S3«i 

XHO       CQXCl,XO>OH- 

O 

CO  ^  H  CJ  CL,        HWC3ltOC3i>.S3tOWQjZQ- 

f  «•        fl   *  ~ 

s^-O 

•    CJ»   i 

■^   w       ^        \^j  w        p_-4   ^        ^        v^           >  "^ 

— — . 

— O 

(-0  H  H  H  H  CN  H  - 

H"- 

HHHHHHWHOHH      h# 

HH 

HHHHHHHHHMHHHHHHWBHt 

N,**  O  <  .a*  fc, «< 

<    i 

<i:2;«a:a<:«:H<o<:<!:H'< 

<«3j 

<<«:<<<<«:<^<>=i;<-«s;<:  «c'<  c3  ^  <3 

SEQiSE 

*23  1 

1  SO^SWSHSS«!S   |    S3S3<SS3* 

S3  S3 

S3S3S3S3s:S3S3SS3S3S3S353^313533S3S3:* 

03       0303-   03 
•   UHUU       (J? 

1^3  f\j  \  i-rr  rpr  cr;  r~i  i  "r;  rr:  r^.  rr;  -5-1  i-r;  Q3        Cf. 

03  03  — 

_  i  -r:  o-.  rv.  '-n  ry.  rv.  rr-.  rv.  rr:  r>-  . —  rK.Kr.ir./vmrr-^ 

H(JU-,- 

UUUUiUUHU-  CJO^CJ* 

O  CJ  \0  UUUUUUUU'JUUUUUlJl/KJU* 

**iH«3mpL, 

||  PHHH     »uj(i1U4^ 

PhPhQUh  v<^h^ 

PHH- 

I^MMP^PHPHPHPHPMPHPHMhPhPHPHPHPMMU-I 

*      * 

******              *        *              *        * 

# 

# 

* 

5T 

MJCJO 

O 

CN 

m     cr 

mo     o     loo     u) 

cz>ro 

LD  O  LTI O  U 1 VO  <0 »—  U 1  o  tt )  O  U 1  CD  Lf  1  o 

a  )Lf1 

o 

cn 

men 

a- 
o 

O 

CTl 

=T        c? 

3-lo     vo     \or>     r>- 

coco 

aocncnooo'— ^-T-cNCNPOPOcrcru ) 

U  )PO 

<— >C3> 

enen 

cn     cn 

c^cj      c^     c-)cj     ^j 
enen      cn     enen      cn 

C^C3> 

uicn 

cn  cn  cn  cn  cn  cn  cn  cn  cn  cn  o  i  cn  cn  w  cn  a> 

cnu'i 

98 


N 
\ 
N 


H 
S 

us 
w 

H 

pM 

b-t 

O 
t-H 


H 
M 

a; 

3 

05 
O 

W 

05 
-a) 

V) 
H 
z 

W 

S3 
MM 
EH 
«=C 
b-i 
CO 

CM 
<aj 
22 
05 
O 
Pm 

ta 

H 
H 

o 
MM 

mm 


Q5 
MM 

-c 

H 

H 

W 

u-1 


CO 

CD 
s 

fcH 
U 

<6, 
PM 


w 

-   O 


o 

H 

C-5  — ,CO 
Oi»  W 
t-t     »p-i 

OQ 

P-K5E 

O'J 
3UO 
MM        05 

> 
MME-ttO 

05HH 

2WH 


H         o- 
<a;w       .\ 
p>      (')» 

HO  Q5 

U5  <S       UH ,-^J       PM 
pM  «0»        *  O 

p=  «  ,-^pm  «3;  .1^3 
to  O  >V-<M  — >0  W  25 

25H-  *-  XCJ^i 

«:h    icbz   i         as 

-O"t0  ZWOO    •  # 
WHmHOQ       Q5 


N 


0J 

z 

H 

<MJ 

PM 
U-1 


05 


M 

H 

w 

.t»  on 

CO. — .— ^-^Z3 
PM-  OO  S 
W  iZ 

05  «»0      W 

ta(/}C)i_Ejp» 

MMM      OO 

M^     «       MM 

UCJCO«=t3 

ZU)     i  U-t 

r-i  «s  mm  ?-•  25 

MM"— — 'O 

w  H 

fflZtOC^H 

DMWHL0 

Em     ^aw 

05  05  o  tM  cjxz  05  o*<J  a  os     t-tcocr: 

W:=>pj2;       HW      <Z'JZW3H  3 

CM(OQHMM<c;hpM  HrtlMUO  MM 

SCO        CUXCJ-aJEXHiMEQc^a  3 

pqcqzOiEMoJ3EH05UCM6MScq<a 

HffiH  H«a:M      O  pm 

Oi       WUXQ30       EHC0(J#W  O 
•S       cq  eh  EH  Q5  O  H  MM       >-M  CO            -<5 

djsqw      Em         cos^pMcopm.^  2: 

cq  «:  o  .-M  05     «2«!<:s;mh3S  O 

qwzdjfclWHWWH  H  H 

EnCd«<s:3fO'=C3HMC5J5EH2:      O      Eh 
coH     a  co  «=q     cochchoqueh     a 

MMCOXCJ^MMCCZ-    (/)pq(HHZ  <J 

pm  PM  U      ^tMO-a;  N»mm o      hhW      pm 
tqwu^l      mm^      -   Wh iommicosc      X! 

Mh«K       05-  05*  «M     »U3M       PM 

ph  to  h  ^  X3  ^     mm  «  a  MM      h-I 

PM             «(J»    :HCJ^3                   X^  • 

IE  Cq  W  <J  >-t  ■*  k>h«WWZwQ3  H 

E-lEXS                      Bl^fl)       -   O  i-S 

tHEH         I    OCO   I    <!HHSSVi  W 

05            3       ZH       3            EHrtS-  3 
MMQ5U3QQ5       XU5       05  05       «ZQ 

J55C-ltH        MM  uq        t-t  CI  MM  C_)  M-,  a        P5 

PM  25  z:  o  Q5  05  co  us  u;  3  z  H  03      O      pM 

-  wwQWOHWOWW«:eM^3     > 

X-    -    -    -  -    -  »»PM«H- 

EhHEHEhEh      t-m      EHEHOHtHEn-  tH 
«q  <C  <c  <D  «J  to  <C  <$  25  <  <5       <<       <S^-v< 

ssssawssHSSWassos 

«03«c=;cc;>H«o;<t;u5KPMcci0052:c5 
uuuuu      qw      ou     cjmhu     u 

U^PhPhPhPh*   PMP-4*   p^pHtHP-iPMPHUHPM 
*  •«■  *         *         # 


* 

* 


U5 
O 
H 

a 


Eh 

u 

MM 


PM 


OLDOLOvO 
OO'-t-i- 


CPlCTi 


ino 
even 


O        LO 


PM 

H05 

MMU] 

HpM 

Z! 

tOH 

«=5Q 

wu 

MMCXi 

>to 

HPM 

PMuC 

CJQ5 
wo 

WCJ 

*PM 

ZJfcH 
PM 

so 

WEh 
05 

a  to 

COPM 

o:pm 

PM03 

so 

MM 

<z 

iMS 
=  0 

OMEj 


M 
t0  EM 
fcMU 

C3Z 

P»Ph 

OMM 

CH 

OO 
HH    • 

tH         C/l 

005  2: 

zw< 

3EHH 
MMPMQ 

SrtS 

cO^cq 
HU5 

t-t  PMI— I 


M 

CH 

u 

2: 
Cjm 
to 


>t 

CQ 

Q 
W 
H 

U 

cq 

PM 
MM 

< 

PM 

«; 
to 

PM 
i-M 
OM 
«S 
M 
05 

> 

hM 

«; 

CQ 

o 

i-M 

o 

o 
-5 


* 


MM 

LM 

i-M 
O 
25 
<5 

05 
U 

c-t 
Q 

25 
O 
H 
H 
U 
25 
kJ 
MM 


to 

I-M 
t-M 

^M 

<: 

M 
05 


25 
U 
M 

H 
O 

a 

MM 

w 

05 
«». 

H 
O. 


Q 
MM 

O 
«=. 

<S 

o 

H 
CO 

MM 

o 

p-l 

pq 

CM 

w 

cq 
rj 

O 
Q 


o 

CO 

N 

tn 
no 
lD 
O 

CN 

en 


a 


o 

MM 
c-i 
U 
2: 


Q 

MM 

H 


PM  II 


H 
O 

PM 
PM 


05 
O 
EH 
Q 


<U<U^J<J^u^u^(J^o^      u>cn      uiin      tn      cj^      U'to      uuuuuguuuUCJUUUUU      UOO      OOO 


99 


05 

O 

Q 

z 

O 

M 

tH 

z 

o 

Z 
U3 

33 

PM 

E-H 

*— ' 

05 

Q 

Q 

Z 

a 

l-M 

w 

W 

EHD5 

•a- 

33 

U|U) 

■* 

Z<5 

HW 

* 

s 

Z 

* 

<:o 

Z 

# 

COH 

«sjQ 

* 

Z 

CJO 

* 

WDj 

>co 

■M- 

MW 

MMU5 

* 

O05 

1 

WO 

as 

* 

05O 

o 

M 

* 

*tM 

t-l 

kptaa 

o 

# 

zh 

z 

W 

3 

# 

snO 

tM 

WH 

•* 

05 

co 

ca 

33  co 

i— i 

* 

CD 

o 

coz 

33 

rn 

H 

<<! 

H 

* 

U0 

05 

WH 
53  Q 

>4 

* 

CN 

Z 

-33 

m 

cn 

O 

05  C5 

* 

If) 

H 

<C 

Q 

«— 

H 

^^ 

W 

•»■ 

=* 

O 

33Q 

H 

t— 

Z 

0  05 

U 

# 

« 

3 

3S&H 

M 

Q5 

n 

UM 

<q 

m 

# 

W 

\ 

N 

m 

CO 

^ 

o 

zz 

<: 

* 

U-l 

o 

t 

«=q<sJ 

^-«. 

iH 

MS 

-^. 

<j 

H 

u-l 

* 

uq 

U-l 

<s 

Q 

CO 

COfcH 

^q 

u-l 

«s5 

Q 

rm 

.— , 

HU 

<c 

■* 

M 

M 

-5 

tH 

Q 

05Z 

O 

05 

O 

05 

■* 

o 

wn 

CO 

-* 

Z 

<H 

H 

C-i 

>Cn 

w 

<c 

> 

CO 

z 

05 

05 

z 

H 

■» 

^-" 

H 

O 

uj 

i_(W 

U4 

I— I 

z 

O 

H 

M 

z 

UM 

*3J 

■«■ 

u 

<w> 

l-M 

c-i 

UJ 

<wl 

tH 

l-l 

t-l 

1-1 

W 

o 

«£j 

M 

Z 

05 

* 

05 

H 

CM 

z 

■<: 

ei 

oo 

«=C 

O 

3D 

U 

HtH     i 

> 

* 

z 

z 

pq 

p4 

II  z 

z 

H       CO 

o 

3 

P-) 

""** 

U5 

33 

OC5M 

hJ, 

* 

H 

w 

cq 

Q3 

Uh 

zww 

<! 

E-i 

33 

Z 

OH 

""-• 

33&H05 

CO 

* 

U 

w 

o 

M 

HW 

CnWO 

O 

z 

05 

Q 

O 

05  05 

Q       O 

53  W 

H 

1* 

_j 

*U 

l-M 

z      z 

C0«:M 

O 

m 

H 

U-l 

U-l       w 

MD5 

«■ 

O 

a^s-^ 

O 

u-l 

t-tUit— | 

z 

■«• 

M 

Z 

o 

t 

<M  it 

rji 

t-lt/) 

'-Ci 

zo  o^ 

33 

W2« 

CO 

3C33tH 

< 

CSUhi-M 

1*4 

S 

S 

Ujiij'3; 

tH33  05 

z 

^H«^ 

< 

33        Uj 

H 

<JI     i 

u-l 

UJCCitH 

<C 

05H33 

05 

-=CCI( 

ULi          <^ 

Z 

OZM 

1— 1 

MM 

33       CO 

ca 

3=t-l< 

*i 

Z 

z 

WOC) 

05 

h-105^-I 

33 

OUh^_1 

CH 

z     a 

jq 

^!^5< 

—4 

UM 

o 

ZO-S 

l/J 

z 

O03<C 

H 

<c 

HC0> 

WH 

tH 

CJ 

&q 

uws 

z 

Q 

W33<C 
WOQ5 

<c 

z 

tnH'J 

Q 

O 

W-5Q 

rJ 

H 

QCQQ5 

tH 

E-H 

QOt 

33 

O 

M 

Oi 

z 

33ZZ 

^r~ 

33 

H«*M 

o 

IX. 

CO  CO  « 

u 

MM  CO 

lO 

tMOO 

^M 

«=»!05-« 

hIuh 

rq 

3<3 

r-J 

O      O'" 

■o 

Mco>-)3: 

:z 

«33UJMU-=5 

uuiuei; 

UIREZ 

z<c 

o 

O  a,  w  o  h 

H       33ZE-I 

t-iujt-i<i:(^ 

oz 

0J 

Z  H  CO  O  hJ 

a^wzii, 

fvi  s  >  «=;  w 

«C»— \2Cl-* 

COP-IU4»U 

HWLJVJW 

Jh  t-iiw 

■X4 

t-iuj  05 

t-l 

ooo     uuuuuuuuuuuucjuuu 


^"OO      uuu 


OOO      O^OOO^O^'^JOOOO 


100 


1  w 

wz:       » 

* 

QHZ« 

MM 

* 

VH     %      <4J 

3cco    . 

# 

£_,<U3Z 

3COM     • 

* 

u-i      03      a 

M  CH  US  U  J  «! 

* 

M  W^M 

uj           CJQ 

# 

Z0-.MO«: 

Ml— !«;  JJUh 

# 

53       HtO 

«    »«J      r- 

•«■ 

WZUjpq 

t 

t-t-o;      s»zs 

UM 

* 

WH<H< 

z 

MM       UJ* 

M 

* 

<OOH 

M 

O03MM 

ZD 

* 

M             U|t£i 

u 

T-UJPSM 

U3 

* 

CO       3WO 

CQ 

fcHZQ       03 

3D 

* 

LH-^           ^ 

to 

W  3C  Q  V)  M 

* 

HEHOh- 

to 

D4SW 

M 

* 

3C  03  M -=C  0-> 

3C 

(JWOX 

H 

# 

He)H-=CQ3 

3C  03  CO  03  Oh 

X 

# 

so:     o> 

m 

H-5C0      cq 

* 

DJ       MQZ 

a 

Q30h       2! 

w 

# 

3S2<3 

H 

HOQ       < 

u 

* 

«=t!UM>HCJ 

Oh 

uj  M  H  1*3. 

M 

* 

UhWSZKI 

m 

U3>-1 

< 

* 

«53(/JUJ|— IO 

•aj^MZ 

w 

* 

coscw     <a 

m 

«3             33 

<c 

* 

XHtOEna 

i-h>   MO 

to 

■» 

ZUS3H 

&q 

QZ-s:      en 

H 

* 

M«=?Q3  WU 

uj 

C-1        CJ  ^  M 

*SJ 

* 

l_;  **(_)  1*M 

M 

ZO«<fe 

03 

# 

DHftQ^ 

«=C 

0-,Eh       Q3Q 

> 

* 

UZQ 

WWMOW 

H 

# 

3cm" -soc: 

"33 

Htns«<:H 

o 

* 

M 

M 

* 

M 

o 

c-i 

* 

U 

o 

Z 

2! 

* 

* 

UUOUUUUUUUU 

o 

U3 


-1 

Eh  M 

to  cu  <: 

W  tq  O-i 

M  M 

*  O  < 

Q  — ,  Z 

«q  q  «;  to 

CO  35  <-> 

O  w  M  03 

25  Z  Uh  UJ 

tO  M  O  H 

*  #  M 
CO  Z  -^,  O  «» 
3C  O  <~S  Z  <"0             Z 
03  M  #  O  < 

«.  EH  •«•  M  O             M 

O  <C  — >  M  M             C3 

Z  33  QCN  <C  <C 

«=q  Of  <C#  3D  O             03 

M  W  Q3#  C*  O 

s  CO— »  W  r- 

M  On"  ^-"O  -^ 

33>  3C  z-a;  oq  _          z      O 

S  EH  MQ3  3C  CO             <       (N 

*  toco  H  3C  3C 
COO  pt,  #  >-*  *q  EH       O 
W          s  O  CNZ  Oh  Q                       EH 

<—»      i-J       S  *  M  O  I  <~       05 

at      pq      3j  w  *  to  too       q      O 

33)        <C        Z  — N                                                 Q  U4*  On  3CO        M        CJ 

53       M       Q  O                                               M  33><~\|  Q  _ s03O        <C 

*       U3           >  Z        Uj                                      CO  S*  M  CJ)"—tD        M        . — 

O       -=5      to  -=3       M  *  *  to  ZtOCJ       -5       O 

z     >     3c  uh     m                — «    m  ^Ai  <:mo     o  • 

«:                   M  W       03)             <"       (J        <6  i3  M|«3i  <- 

CO       Z       Q  Q       cfl            0*~Z       «<  «— SZ  Z  Q       O       tO 

— '      O          <•  M            00<S       33,  I    ■*  W  <3j  <     .             M 

O       M       Z  Z       03            OO  to         I  O— 4=3  3C  D3^-H- 

Z       H       Oh  O        «:             OO^-      M  — '    iQ         I  COO  M 

<       U       »  M       >        \UOQ5        3C  +«— \  H  —'    tO        W 

mh     >*     m  ch             ^r    »ij^      tj  ■  *  2_i  m  j«     xa     m 

M        l-J           *  <*J       i«           it_><— '  tH        1—1  injiJvJ  m  «;^>««14        (j 

QMOZ0-)'-  iMC3  ■— — rz,  M  HEH           Z 

Z  33        i<         N,||  O  Q  CO   II          < 

Z       Oh       <  M                 O             II        Oh  II    II  W  ||  W 

OQ3  "-*      M             ?»||               33  II  3C  t-KJ        *< 

H       <C      M  N       «=:6H       M       H  SZ  H  to  *—^S       M 

H       ^       <  Z       M       EHt0O<  3304CO  3C       <3 

O      O      Oh  M      t-J      <pqzr^|      rq  ZQ33  W  hJOh 

z     w     03  o     «:     atH^to     m  QQ03  m  qm 

M        M  Uh        m                                      a  «q 

Uh  m      tH                                m  03 

M      •  S  M 

«  lw»  CH 

l-l  O  M 

UUO       UUOOO  UO1^  UOO1-  OU^                     UiNH 


101 


U4    • 

HH 

OH 

ZCQ 

«JM 

co 

MCO 

xu 

HH 

S3 

1  1-1 

«SH 

ZH 

«H 

W>< 

wu 

QM 

UJ 

zx 

1^32 

HU| 

H 

U^) 

ZH 

3 

HCO 

2a 

HH— , 

X 

Q    .- 

WZ     t 

03»=CQ 

03HW 

DQH 

cj<:«: 

owz 

O       H 

r-SJ 

CO       03 

«a:zw 

x:«^h 

33 

Q3HC0 

. — , 

(J-    «q 

O 

OS^33 

z 

OS- 

«; 

HUhZ 

Cm 

wo 

w 

i-IUH 

<=) 

<$Q3H 

CO 

H-=C=3 

Z 

H 

«s!MCJ 

O 

-^ 

WH         l-M 

M 

MM 

l-MIxq 

H 

S3 

-=cs3tg 

U 

W 

-  O 

z 

H 

N.CJS3 

C3 

«; 

■— tm<i; 

CM 

H 

HCQQ3 

to 

S3  COO 

Q 

H 

Q3«=C03       Q 

K 

«=S 

033>-M       *5 

VM 

S3 

U-i                    WM 

(-Cj 

*  * 

<*J 

UH 

O 

OUUUUU1-         U 

* 

* 
* 
* 
* 

* 

* 

* 

* 

* 

* 
* 

* 
* 

* 
* 

■fl- 


H 
«"* 
CO 

o 

CO 

z 

o 

H 
H 

O 

z 
Cm 


03  1 

> 

z 

<?S3 

HO 
O 

HC3 
•Z.IM 

H 
025 

CmH 

XS3 
Z 

z 

HH 

O 
OH 
an- 

=  0 
OH 
co 
w 

CmS3 

OH 

QCO 
U-luj 
cq> 
OiH 

cow 
u 

WW 
3303  m 

H      CO 

Z  U5 

U-IHH 

i^Z-sU*- 

3=)  03  + 

U^«;o 

H  CM— ' 
"SW      H 

LJU-iC-i  W 

Z       Qj 

O  iSQ 
HHHZ 
HZ      «3: 

UWCO 

zs«:h 
33  z  W 
wqco> 

COMH«J 
HWM 


Z 
O 
H 
H 
O 
Z 

a 

Cm 

CO 

H 
33 
H 

>t 
CQ 

Q 
Cm" 

H 
O 

W 

■=5 

<5 
CO 

w 

H 

"Si 

M 

03 

> 

H 
<aj 
CQ 
O 
H 
O 

C_J 


* 

* 

* 
* 
* 

* 

* 

■fir 

* 

* 
* 

* 

* 

■H- 
•R- 

■* 
•fr 

* 


H 

> 
CO 

«: 

H 
co 


H 
H 
O 

H 


CO 

w 

H 

«JJ 

M 

Q3 

> 

Z 

>*J 
1—1 

H 
O 
z 

CM 

W 
03 
«i 
H 

u 


H 

W 

> 

co 

X 

< 


o 

H 
CO 
H 
CJ 

»ij 

03 
Cm 


OW 

H 

Hoq 

WO 
03Q 


co  N. 

H  CN 

«  1 

«i  (_> 

H        N 

CO      ** 

z     o 

o 

u 

w 

05 
«5 
H 
U 

UM 
M 


03 
H 

<; 

CO 

u 

CO 


u 

H 
e-i 
cj 

z 

Cm 


H       Z 

<       H 

«     o 

UJ 


# 

H 
UM 

> 

CO 


X 

> 


o 

H 
03 
Ol 
CO 

II 

C3Z 
H* 
<iZD 
COH 

ow 

C0O3 


« 
H 
<=5 

CO 
O 
CO 

2 

1— I 
H 
U 
Z 
33 

Cm 


uuuuuuuuuuuuouijuu     yuu 


u  u  cj     uuu 


uuu     '-'u 


102 


H 

*  Z  O      WW  I  * 

H  I  S3     x::x:«s 

->                    i^jhj  njfc-tt-tP5  * 

sea  ••  005         «=c  o 

*  co  wehs:   »Oi  -*                                                                                   <-n                    to 

dqwuq  O      OW  ca 

*  ZCZW  M     HCCVlfcH  #                                                                                                                               O                              <C 
tn  m  h  W  ^  «*  3  M                          '.XI 

*  tnw     »  mu       U>-M  *                                                                                                                                                       ^ 

03S:H  ZZW       H  o 

-*                  tHQ<CUH<=CW^iS3-S-  lO  O                            O 

edea*3;  HSfflHU  r-                                                                                i 

■«•                    tO.O-l<qu-i  ZD       «3K  *                                                                                                                               — «                            O 

*  q</l  (SOK      <;  *                                                 H                                                      -o                         r- 
H      fcHCa  cq      <2  ^                                                                                              r- 

*  P>U-I^O  i-JtH>MOrj  *         CQ                                               C_)                              Z                                 I                               II 
0330)  (/ID            «3J  SS                                         O                           S3                           r^ 

*  uatriz'—  otn    •  *      «3                                                          m                     r*                     uj 
W       MI  W       <Z«  lii                cq                     _                                                       rrj                          _) 

*  i     g  sviscio^  *      s             z                 ^^                     I              z                            «=c 
ujuiujfs;  t— •  i — 1 1— 1 1 — i  i-ci  ■»             «i                  o                       05              3        i                      o 

*  wu-l<S  HO  *        CQ                CQ                        i                           W                 «h       W                          cq 
I3U>  *M-tUKO  SS                 05                      o                            H                             W                            "=5 

*  i-^zcqos  w.-)Q(jce  #      «a               »                cri                      -=5               i         »                     uj 

^-aJPQW  CJCQIXiMOi  SO                                                      305 

■».     cu     >cawsc  S3.<     w  *       »           z                 •                   i            w     en                  o 

Z                 CQEh  flJHEHHZ  CQ                «sj                     H                                              Eh       Z                             t 

^a     roWMW  <OiW«a:  <n            h                  •                                  3     h                   o 

*  32       04305  W>ZO(S  #        <                 S                                                     05                  I         —                          O 

U     zo<t;«  w     hcq  +            »              to                  o                                      o 

*  Hi-1>3  W"=5             W  ■«■        CQ                 CQ                       Z                                                 <=C          •                            O 
W            ,_5       <C  «=«       3Z:C  Zi                 ■Z,                       <^                              |                              Q                           O 

*  z       W«!S  3     *WHH  *        -a;                <q                     CO                           05053;                          O 
H       sn       "=C    n  QQ5ZX  CO                W                     -—                         H                 O       «3                          O 

•H-       Eh      EhZC=JZ  WW      HO  #          "               S                                                 <3                &h         •                         O 

3            hOS  i-l>(/lHH  00                   *           — ^        •                            I                                                          O 

■h-      o     wsnooi  «3WH3«  ■«•      z             cq         a,     q                                    q     ^                   r- 

05HH23O5  H5CQ        Q  <S       CQ       Z             ZZ                              Z                   W'O 

*  CQ           HWMZOWtOW  #U(uq<5  H      <                         *3                H      *~                          •• 
3       U13       <  HS3H3  *i-^S            ^5i                                                 U          •            to            W 

*oowzn20'«*tocQ«»x:  co  => 

z>— it— 1    >  t-i    <»mMMa  z      «j      oq          (_>*—.         cq          1— 101— )      r»          «=c          CJ 

*  MH'^OHV^l-aWtH  *         "X       M       Z  O             Z                        OZfN             r-i             Z 

s«:sz  sm     caw  ^05^         uji         <         co     »—     <j 

■»                o5Uh      <z  >h«3;u5  *       — •     «;      cq          zc^          u>          1— 1               ^ 

WCJbaW.WH  0<>         k  h  . ■  53      O 

*  HcciZW  C5WQ05CQ  #       Z               CO          H         >Ofl^         eh      Eh      W 
WUJHC0  <!hlWfllH  H       W       Z            3       HOOO                                  CC 

*  wt03  w6h>  *      sa     z     <«cr)     o     0001^         05     cj     <c 

ao    s  (fl<;<i     ca  33     h     CmZ     05       tcna^cr*         m-i     ca 

■^                 m      h'"  WMWt-iw  *       ^j      ch         **=y      0-1              *   *aj c_3      *u                o j 

ZiJ-li_(ui  i—jUHi-M-a;^  i_>       uj«,      ;_)       uii^»p»    v—       ch       — - ,      ch 

*  Hwoto  m<nwxz  *      w     o     ss         co     z"~t-»         w     co     to 
£_,tHWW  fas^oiH^  ss     og     ^>-^     —    <;wwm:     3     z     w 

*  ncdH  :n#Hcq      Eh<«!  coEhEhQH      3      <      H 
cjpHwut  kxwmu  tn     =>         o     z      -~->hm«;                  <j 

*  05CQX!  «!Z2H  *        C3       CQ       WH       H       ^-Ca  05  W  O       W       — '      O 
WEhsXHEhW  O  <30       0            3305OZ                 Z 

*  a^r-  EHZW  *C3WWOWW                            MWM 
CO-^tOCM  hfttlSOW     •  CQ       05       WW       CQ       H                            S3       H       3 

C0O>W  <Q « ca  W  H  n-l  C)       H                                                             W                i-| 

*  HOHtH  <CP4W05tH       *  U                                                                 tH                  H 

*  bHI-MO  l-l  O  CQ  =>  >  iJ       *  (-J                                                                     C_)                   Mh 

*  *  CD  U)                    C3 


103 


o 

cr 

u 

25 

t-i 

U-l 

> 

cj 

0 

M 

CJ 

t-T) 

CJ 

^^ 

u 

LEi 

_, 

EH 

W 

o 

CU 

f 

0 

s 

o 

cj 

3D 

o 

Z 

o 

^^ 

o 

^^ 

O 

CO 

33 

CJ 

0 

Ul 

vi> 

tH 

O 

o 

• 

03 

H 

< 

CD 

0 

«=c 

cj 

XD 

aj 

CD 

0 

P-) 

tri 

H 

o 

t— 

2C 

M 

W 

CD 

O 

Z 

3G 

r- 

t 

p-l 

O 
1 

CJ 

Z 
1— 1 

05 

fcH 

• 

M 

O 

^~, 

33 

CC 

CO 

• 

O 

O 

P-( 

1 

rj 

h-1 

r~ 

t 

H 

03 

feM 

I 

co 

S3 

22 

O 
CD 

3 

H 

23 

en 

«=n 

«J! 

O 

W 

l 

3D 

z 

[H 

33 

O 

05 

s: 

<j 

S3 

EH 

O 

<S 

z 

H 

CM 

••■* 

O 

<=C 

z 

v-* 

CO 

O 

Z 

H 

» 

CO 

O 

3D 

Q3 

O 

O 

O 

52 

t 

Q 

W 

O 

03 

O 

t— 

tN 

>"0 

Q 

Z 

i-J. 

O 

P4 

T— 

r" 

»~ 

cq 

Z 

«1 

T— 

1 

•tn 

«fl 

> 

CO 

o5 

Q 

O 

O 

O 

EH 

^-, 

t 

^ 

CO 

H 

1 

CO 

cq 
H 

eg 

fcH 

EH 

H 

EH 

w 

co 
z 

,—, 

co 

O 

3 

CM 

H 

z 

«=c 

CJ 

0 

O 

0 

?> 

«J 

o 

z 

• 

«! 

f 

«$ 

3 

3D 

0 

O 

0 

0 

s: 

t 

«a; 

O 

HH 

fl 

WM 

1 

Q 

CO 

t/1 

CJ 

tH 

S 

o 

Ui 

s 

Z 

, . 

s 

£3 

^-« 

z 

^-, 

z 

, — , 

Z 

psC 

0 

t , 

H 

CO- — 

•a: 

CJ 

0 

«s 

O 

<s 

0 

< 

» 

lOU  )^-> 

t-iOLT)— . , 

U 

zou). — . 

u 

1 

c-i 

« 

l-M 

a 

i^ 

UJ 

r~ 

WrsirsjLn 

unno 

Cm 

<=s=r<^*>o 

03 

^-^ 

0 

O- — 

*- 

H 

*—■ 

CJOOCT) 

lOoin 

CinOOcO 

0 

in 

w 

< 

OLTl— > 

otn 

, , 

( 

3LT!^-, 

^3 

tcncncri 

cticticti 

EH 

SCXtCTicn 

Pm 

cr 

03 

•  irn-Ocn 

ivO^OlT) 

1! 

■*«r»o 

cq 

H 

*  VDO 

to 

*  »coo 

«SJ 

*      s 

«coo 

Q 

<=c 

tnoocn 

HOOLO 

tHOOcD 

h-? 

CO 

cor»r»    *ro 

zr-r^   s^y 

cor^r-   vcr 

CO 

CTiO 

cjcriO>cTio 

UCTiCTiCriO 

OCTlC^CT) 

U 

03 

m  ■ 

""■'I  * 

*»j" 

-«»— T--» 

1^-1 

«e3-~- 

l-M 

*CD 

Ui 

1 

*     'iJJl-J 

1      »     NUJ*- 

1 

%      <LU 

j^ 

•a: 

«=5mmi-m  — -<j 

UMUMIJM  —\^) 

uq 

«a;u-iiii  —  (_) 

3D 

P»i  N 

e-i 

r»r*    ■«- 

r^r* 

M_ 

( 

—r»   » 

«q 

fl<HHQH 

SHHQE-t 

3 

CL,EHtH«fcH 

h-1 

"■"^ 

CO 

CO' 

to^-^- 

c/r 

II 

— MH< 

^^HH": 

CO 

"-THH«5 

«: 

WO 

W 

zww— 0 

zcqpq>— 0 

sww— 

^3 

^««wo 

-—03  «wo 

CO 

—•CB03WO 

> 

HEH 

EH 

-=CEhEhQEh 

«:hehqeh 

<HHQ 

CJ 

O 

3«3*«cj 

-SLscqo 

w 

G5  3*i-c;CJ 

H 

M  MH*^ 

uihh«; 

S3 1 

hh«: 

0 

z 

Cm 

Ph 

03 

Ph 

fcH 

03O 

O 

"—'I 

D4CCWO 

"--a;cES«o 

■*■*! 

23Q3W 

X 

«=s 

H 

H 

cm 
W 

3D 

co 

Z 

H 

3D 

Cm 

Z 

1—1 

►-) 
H 

•5; 

35CJ 

Z 

H 
cs 

cj 

H 

cj 

MM 

H 
0 

23KO 

33 

PM 

H 
0 

330 

H 
O 

33D5 

co 
w 

U3 

3D 
CO 

« 

H 
O 

0 

O 

CD 

t_> 

CD 

T~ 

IN 

i'> 

n 

U3 

CJCJCVLf) 

CJCJCJ*JJ        ^JCJCJ'"" 

Ur 

O^ 

ucjcj'- 

104 


CO  H       > 

CO      -O      W  \ 

w     .  1-1     y  . 

W      .tW      m  <  SH  w 

— ^c  vi 

c-t      O  vi  H 

pq     or     w  cj      ti         „      h     w     -*  ■— <w 

m    «      03  to      vjw       'ten      o-c  n^ 

O  <*H        rJ  <5       —I  LXJ        33M'-0OO        33-    'J 

I  i(— .        U4  (_M       «JJ  OMWXW        --M.t 

o      0<~M      Q  UH      HSS      tO      Hzy 

•  o     to  to     o  m  m     w     <j  h  ca 

3      m  23       25  «       «       -a:  i— I  tr*    •  33       3 'J 

«3"        -—■a-        H  O        UiS        W  V}Uj  WtH 

33  33  www  ■*  coco 

H     to  m     w  z:      so:      z  33  33  <  w  =3 

w         a;  «a*     mo      OM03333      2: 3; x: 

LCj        WU<        3J  W  tH        I— I        UJJtrl        MO 

W      05  W      £^  fcn      ujcj      mwcow  2:w 

c-i      utn      «jj  w  "^      «=;  t-j  w  >— iu      to      uc 

A3      pg«a;       uq  05       Dm       UM«XZ       Zi-13 

W      tttM      w  w      co  MWW      M      UHH 

U5  w       m  ti       u|3       MM      ■— W       MM<5 

25  O       230       S3  -=5        WO        W33S     t0J       H32 

ED  M  W  W       trjM       MO<SO  <       W 

CC  u-|  W       H  On       CUtH       H       WOW       k^SUi 

co      WW  •■>  ^      ww^1-^      33<s: 

I  W  S  ^BU       33  WW      M       U35W 

33  EhOH-^W-^H^'jOS^sWOH 

h  vi     z^i     w  "J    -.mw         wm<c-       <:o 

O  I  S  2E^^H  H^HH       <HiiiH-  WM 

J  i<       -   CO  CO  <s;  CO  M . — W  3  U=-i       =       W       «=3 

*—  25  W       OW     iW  DUW^*    O  COO       33 '-3 

«="*  W      OB3ZW  SCO  WO<— WCNWtOM       M33S 

O  U      I3HK  <«S    iH      OWS  Q<! 

M  35  •ZC0H>WWC3(WO^&-lW3^;>-tW 

O  -=s3  -=CW  «  35o       252!  O       33 

0  w  wssww  oow-<-— wm  3  ww     wwm 

O  ii      a;u)^2  'Ji    iia      330HCQO  3  to 

C/J  Cj       E-iQj       £-1  tOOHOZri1(H«   M       tO       W 

^s  C-t  O  S-O  WO       W<  <\(J         H23W 

O  H  ^-»  33       33W-33  330WM33WM23-    <:        3  O  33 

23  CO  S  Oi  CO       CO       WM     «W  040Uj^Hy<^^^^v^H^ 

rtJCO-SM  ^3C/J  MM        C)M  O  M  M        UJ  W         \«SH 

, 23  23        <:  M  M  tH  23        W        ZWr-Z  rtO-^WC0-3^^3Z.    S-O1-^ 

COM  <C!        S  1*3  23  W33W33^Wn3OW33C0WLrJSOiO33 

>5=a  VI  3  33  W  S        M         I    M-      I  t-t',Mt-IW|330'-|VJt-'Wt-t 

<3       ^^-^      ^^  H  O  23  W  W       \W  i-W       WWCO       33MtH  =  X 

co    iinmwno         33  w  m      i      331-33  1  o^  I       33coMO<mQjWi 

' — W330or-C0  M       — ,  WH  <C  23  r~  £h        WEHCJSZii 

33000lDOCTi  MO  25       CO       «5  M       33       W33<CW  33       i*j  CS  33  W  33  M  O  M  H  H  \S 

O    tcncricTicnco  3:      co  H      H      H  ^-,to      o      f-0O3:vj  02:coowcr)Uj»<;W— I      -O 

C-i  »    V3J     *    «*_)  CJ  6-1        M       U  J        »-4J  I  l-O  --V^  U3;  t-l  <=ii  U3«3<i;U3-    «3         S,^h  Lii        M     •  U5 

MUir>l^      ^"^•l~^'—         m         (J1  iJ         MM  U  )      t         t-l         li,»    i-MLS         M-l  UhXIM-IiJj    \W^.  rianuiA 

23* -T-' '  33  •.  O        23       t-l  t<"N        <<       WOWWC0W  WHm'W-    W33     i3HH<[hW 

11  <sww"— *wwo     <<     r*  03     w     «:     cx>-—     s     -    tai-  coo,  .      ai.  ocjHsow3:-  h» 

COMMQHE-lH  — '  33      H      S      CjhW      03      \o»  \w-  \tn-   \   ,-  -  <  M  =  M  \s  \ 

VJtCMM-^MM  CO       W  35       <0       P3        " — -*       O       "~* 0>  "~" — 'M~—  — 'UJ— O  -""" — U3  M  23  M  — M  — * 

23  --03  33  W  33  33  O       W       t-l  3       CO       H       O       trltrl       W       H       M  H       £h  H  W  H  H       HHO"=C       ^HWH 

<<       33Q333U        33        H  «       ^^      tO       W       •=!3«3  <5  23  <  <  M<  ^-.^  ^<<2:«OU<        <C       < 

tOW  W33  3  SS       W       E<233E>  S       SS<S2«H      (NS?,S 

33M  «=-:       3:  H       Q       M       Q        3333       H       333333C3W33-«33HW33X3333aiW33        '33  M  33 

i»  p-i      -s      «q      i«n      uu      m      omoc_)      u«uauui-iUU      utiiiryaig 

m       W        -E3       MM       WW       W       W       MhPh23WMMW  WM       W  WCO  MM  23  W  M  W 

W  k^W  ^s#  st-**  *  ****** 

H  U 

<t!  W  OU1  O       LOCD       LCI  O       LDO       LDO  CQ       O 

0         0  tnu>  o     o»—     •—  rN     rNn     p'i^t  =t     ld 

•=T  CJ  U>U1  CJ       CJCJ       o  CJ       ejej       ou  o       CJ 

UiJU'~ijU(NuuuU1-'uua)a)(juucn     cnu>     C7>  u^     cncri     uiu^  o^     0"> 


105 


w 
w 
w 

on 
w 
W 

W 
CO 

w 

Q 


W 

W 

«; 
ra 
w 

uu 
S 
W 
H 

S 
<; 
w 
W 
H 

CO 

w 
w 
Q3 

w 

w 

33 
H 

W 
w 

tH 

S3 

W 

I 

W 
S3 

w 
co 

W 


t-  33      coo: 


< 

33 
t-l 

03 
W 

< 

W 

03 

e> 

w 

CQ 

H 
U"! 

33 

W 

U3 
33 
CO 

00 

w 

03 
W 


H 


W 
Q3 
H 
CO 

w 
w 
w 

W 

W 
tH 


03 
O 
W 
W 
w 


33 


.-       W, 


.tQ3 

cow 

WfcH 

«=q«3j 

UW 
COOS 
«;cj 

W 

w 

35  CQ 

H 

tH 
WOO 

33S 
CO 

cooq 
WW 
Q3W 

ws 

33 

S25 

ft, 

WW 
Q3CJ 
H  «< 
COS 

w 

WS 
W<« 
WW 

03 
WEh 
33  CO 
EhW 

W 
WW 
WW 
fcH 

-5W 
WW 
I    tH 
W 

03  I 

WQ3 
COO 

«;W 

l-MW 

WW 

W- 

1^ 


OEh      H*-*£hEh 


W  r-SJ 

32  cqw<S 
H!B  W 

W  OH« 
03  23C0H 
<=3  <CJ^ 
WW 
#  ^OC<!33 

\U 
03-  033W 
H  ««33«a:Z 
— *«:  z:  co  33  «; 

M        tH 
"*  CJ3Q       W 
Q3        W23WW 

WM  c-IZJ 

S       303^'a3 

23  S3  w w  w 
O       SOU 

SMH3I        CJ 
U  tH  W  33  W  33  ,-x 

«=q<H     wco- 

ShSK  • 

33  UEHW^s 

sus«=3cosa 

<  W  <  S  33  EH  W 
W  -=CQ3  S  W 
Q3  U  O  W  WW 
EH  QOWQW 
CO  WQ3  W  W33 
W33  WZO 
WEH  OZ3C0C0 
U3  WM<CW«3 
WW33W       33 

00«3^h^33 
WWX23U«3  Eh 
33  HO>0 

EhCO  W  W33       m 

WQSC0  — 
0333       O       WW 
WW33UW23CJ 

-a  >  H  W  Eh  nj- 

W        tH33-    - 
I    tH  33  O  N,«  tH 
W33CJ>^»    WOO 
WW  W  .&H33 

zx i wzn 
WHW      WWW 

CO  -  WW  ««5 
«H  M    %VJ  M  W — ' 

W-3:  .c3co«3:o3 
On.  cowoww 
- \H- wWCQ 

TH— '      WS 

HH2HH       33 


t<5^va:»    «a*  «=C  — ^  <C  H  <!  Q 

os»  s   »ss-  ssws33-^ 

Q3-«WOWW  I03P3  03  »-  33 
25CJS30  <OUCJ(JUZUUJSU 
<CUhMWOWW     ipm^HU4h\<i 

**#  #  ***•»■ 

LO       O       UOO       mo       LT) 

en     i~o     ^or*-     p-»cu      co 

CJ        <J        C3<~J        t_3l_J        t_) 

CD      u'i      cno^      o>cr>      <_n 


U 
O 

33 
CO 


w 

25 

H 
6H 
33 
O 
Q3 
W 
33 

CO 


a 

w 


03 

<c 

tH         P> 

s 
■03W«; 

WO03 

Eh  O 
«a;su 
3«3!Q3 
WW 
WQ3 
OtHi5 

COM 
C03«; 
W3S 
MCJ 

EHQO 
W        23 

WCNM 

W  3 
OtHU 
W33W 
WMW 

oo 
f  ,a,w 

w 

SEhW 

«a:<:33 

35       H 

5HQ 

QZW 

0«5!W 

S      > 

03HW 

WZW 

sou 

EHMW 

W03 

w 
rxy  •» 

tHU3SC0 

OHW 

UiUJtH  WM 

WC0  WtH 
tH       ow 

3)<:ms 

Qj       CQ  -a; 
SW33Q3 

OOco«:rsj 

U  wco 

SW       CO 

|J-|  «J  _G  tH  l-M 
»WtHl_JW 

HC3      WW 
HEh    iZ 

33C0EHHW 
OW3S  25 
W33OC0«=J3 
CQ  03  < 
33^-W  r- 
C0  COW 

tHSCW*J 
C0  25UWW 
HMOCQtH 
ULjtsJ  a-.  <ij 
tH  i-M  CO  M 


W 
35 

W 
tH 
33 

O 

03 
W 
33 
CO 

CO 


co 

35 

w 
w 

w 
O 

3» 
W 
W 

Q3 


tH 

co 

35 
W 

a 


C^i 


u 


w 
w 

tH 

33 
W 
E 

o 
u 

w 
w 
«c .. 

CO     * 
CO  WW. 

www 

WEH  03 
WWU 
«JJ  s 

W«3  > 
Q3  W^CNJ 

<!<a  w 
>wo 

SEHW 

<C33C0 
w  i-w 

OtH  > 
033— . 
C5U  — 

w     ■** 

cou 

w  * 
«;wcn 

StJ>-M  S 

OWO 
Z33  35 
WEH> 
3  W 

O03      ■. 

W  »- 
WWS 
OWW 

w«=no 

WW> 

tH'aJ 


U 

W 
EH 

u 


W 

u 
w 


H 
33 

W 


CO 

03 
W 
S 
tn 

o 


w 

W 

w 

w 
H 
33 

tH 

u- 


CO 

w 
o 
w 


33 

w 
Eh 
33 
O 
03 
CQ 
33 
CO 

V) 

H 


■tt- 


CO 

u 

CO 
CO 

u 

CO 

w 
w 

w 

CN 

w 

O 

P> 
CO 

C) 

U 

00  ~, 
VN 

rsi  w 

WW 

w> 

>3 

»    % 

WCO 
W35 
>  W 
*Q 
CO  * 
WO 
WW 

wo 

C0> 

3  W 

^C0 

<—    » 
WfN 

SCO 

U-l-S 

tHW 

u 

O 
33 
CO 

\JSL 
W 


tH 

33 

o 

C3 
CQ 
hJ 


co 

w 

W 
w 


EH 

co 
w 

Eh 
CO 
3 


no 

S3 


> 
w 

33 

H         "» 

tl      r- 

o 
w      ^ 

CQ       33 

co 


U      ^^(w'U'-'UUUUUUU^'UUUUUUUUU 


w 

w 

w 
u 

W-l 

w 


uuu 


w 

w 
w 


*   » 

OT- 

WW 

SW 

w> 

H 

H     » 

tH 

%<C 

CNW 

W3» 

SWJ 

w 

Eh     * 

r-pi 

Wdj 
SCO 

w 

tH      N 

MO 

W 

-O 
W> 
OW 
>C0 

w 
co   * 

W^N 

w 

*w 
>o 

XW 

woo 

WW 

w 
*o 

WCO 


o 

H 
00 
H 
U 

w 
w 

w 
w 

CQ 
33 

o 
n 


106 


-OS  CN  *"  I  co  z 

e-iuj  rn  =3"  3  * 

ZtH  Q  IN  LL|  *-*  # 

W3  O  rn  S  fcH 

co  a  o  w  ■»  < 

oi  o  O  I  to  rs  >   • 

*2*  I  O  -S  «■■  UJO 

tnw  o  o  ^o"  m  o 

t-HH  •  O  O  I  O 

S5CO  +  O  ,#  O  «- 

<n  «— .  +  Lnrs)  t  o— . 

3    %  lo  i"0  o  •►-} 

yj  r-  «-,  |  in  t-u 

*h-i  »  O  o  +  F> 

^■cq  CO  •  OiO  I  CLi 


CO 

• 

en 

U  ) 

CN 

CN 

c-ii-m  en  u)  so  — .            co 

zui  cn  cn  wo  vo  cnm 

W3  t-tO  «-  3% 

Ul                                                                                                                        I  I  coo  »  *  »-» 

3    «.  3    i  rn  *  o 

en  t-  a<  — a  r-»  tn   t 

%t-t  a*  s  cn  <<— 

m3  si  ry  *,  +  cj- 

HW  W  E-t  +  >  I 

SCO  HO  CO  u~>CN  CO 


W3                                                                                                                                 3     t  3  v£)#  »— 

CO                                                                                                                      ~-0  —  r-#  Oi  «; 

3     «•                                                                                                                    O  O^  S  #03 

CO                                                                                                                 #  O  #  O  OO  H-l  > 

*£H                                                                                                                             *-  •  •     •  EH  r-CO 

cn55                                                                               cn\  cno  om  o  3         3W    o 

tHW  N                                                                           CN-^.  CNO  U~)  o                                              o 

3  CO  t-                                                                                      CTiCN  <J>0  I  r-                     I                 I    #        fN 

W3  o                                                          "N*  cn*-  i  zr                 — s                cr 

CO  O                                                                                      O*  OX  J  OifN        fn^. 

3*  o                .-^        _                   -joo-^o^^rnoio  s:#      <<~     o 

r^  o                os            — .    •—     oo  om  r-H  ph             w#o.^-5     h 

*t-<       CN  t                           «                                    ^3           i          t«—  i#  iM  lH^-»    i>D 

(NZ       H  O                     r-            -H-                  CjnOOtO*  rn  ti  O  CO  O  *-  CO  ^      O 

WW      35  \                                               o     r»          co  — ■.  ~-to  cj              3*-      — <ii      cjj 

Ml/1        3  t-tCO                I                O                    LCIN+U>+Ot~  3  w    I  +        Ul 

>3<wl  CO  W                                   •                    CO                          CN  I              *  ""-*  «-.                         P0        #              «-s 

(j  w  _|         35         cn             3       I      in  ldld  +  t—          w#  r»r>       i      ococncN 

tn  U-l             —'35       —*                                        r-    I  *-<N             O*  U'-Nujo                  fHfcHI^ 

»  CO  <              \\       \                   W        r-r-CT  3-       !Ni-l     .  ,              >3-        \    ,H           ,3533s 

r-  3  H       O. — >                35       O-iOiCPi'—  cn   I   HOOt-^,  E-i             C^=f    |    C0CNO       H  >^1  W  UJ 

tH  *  03        too^^o              H      asencu  cr>     35>ocoro  rjj          co^o      w  N?*      'OcocotH 

^=       CO  S,  *"       O     •     »S5     i                   fcH        WW     tS  ,a4  33Ui<3r--«.  •             H)  CTi  r-  03  >  CM          >  3  3 1— I 

n     h  m  >     o'—'— "v~             ^=>     h^ow  osocoo'--*  ,a«a(Xco 

**J        *Z  T—                   IN              CJ       OO        O        Lsr-C — c-l  "*HJi~ fiOCD-^,  IN  #  I'liJUJ  u-lM       r_   II     II    II 

<j      "5)  «  >^          *   I     i  I                mli                  js  eH          i')oo  c-ir»              u-iijs      ~-     e-t 

e-i  p*  w      ||          r-      ii  ii      cq      ii   n  II  —  n  co  II   ii  '-o    .  35aq     r»  11  H      II          aiNna, 

03     co  \  uz         zs—'s;            a  3         o   ILn  o         tn     3  ii             oehhs 

W       35  2                  rN^-~-*|    — V-fN       CO       r-tt|i-#  ►-)— TNO«-0'-0  OH  C7>  *—      00             332« 

cjc_)  mmuj                   tHt-t"~"UjSi-i  Ot-tW  U  ii  t-i      t-itH          ^ji-LiujeH 

W       (J  ««3  CS3       S3  II    II    II    II  53  55                  S3WO  >       SOU  —  -O             3   I    <  55            — VJCO^O 

En  ehhW                   3  33      33      W  fcH  >  OiO>  pqp>pqo3W  333 

3      W  <fl  W      H'-MrOd'OO      M      Ehcoo,  CO      OCur^  &..           XCOCN>co           W 

H       03  Q  <S       H3233U(J       O       H=SC0  H       U  CO  CO  H            CQ3*  CO  3            H 

«=»;  M                                      w  * 

I — I  t-l                                                 U-l  Ph 

**(JM                                                                       *#*#  #  # 

M-l  A 

W  M  O  O 

U1  O 

o  »— 


107 


* 
* 


o 

UO 

LD 

II  O 

^T 

HO 

3EH 

QO 


o 
o 

o 

H 


tHfcHH 

,333 

HWW:=> 
OC0C0Q 

tS3U 

»-  II    II    II 
0333 

(JWW3 
—CO  COO 
33CJ 
W 


IN 
W 
Cu 
O 
M 


UMl-t|U-l 

WPMU 

tHtrtM 
MHCO 

I     I    X 

CNCNc^T 

www 

HHCO 


\\l 

POCNCN 

EH  EH  EH 
333 
WWW 

cococo 

3  33 

I  I 

u~)cr 
tntr-n-no 

wwss 

coco  WW 
33HH 
——HMO 
ID 

II  II    II    II  C_> 

■ST 

wwaso 

OiOiSWH 
UOWH 
WWEhCQQ 
CQC0M3  CD 


COcn 
HEH 
33 
WW 

►SuS 

II    II 

.or* 

t-ib-i 
33 
WW 

coco 

33 


o 
o 

^=r 

o 

M 

o 

CJ3 


H 

3 
W 
CO 

3 

I 

-O 

EH 
3 

W 
CO 

3 

CO 

cq 

W  MC4 
iSS 

EH  WW 

CJMfcH 

iHH 

tn  it   ii 
CO 

W-CN 
EHCUDj 

toss 

3  WU-I 
—EH  EH 

MM 

W 


o 
o 

=r 

o 

H 

O 
CJ5 


CN 

cm 
s 
w 

bH 

tHfcHfcHbH 

WCOCOCOCO 
I  33  3  30 
IT) 
<-  II    II    II    II  CN 

a,  =t 

W  fi  t-<  fr"l  C— •  v_j 

H3333EH 
HWWWW 
— *J)  CO  CO  CO  Q 

3333C9 
W 


CM 
W 

O 
> 

CO 


w 

OCN 

>w 

noiw 

3C0> 
#•— 3 
*         \- 

m#  <—  ; 
<i      M 


W 

O 

=r> 

3CU 

s*  co 
I* 

bH* 


cacoo*  «=c 

pi  UL|>         IXi^SlN 
r-a|^UiP>>        i— I 
W       H  CO  «  CO  #  w  CN 
CJ-*  CO       UJ  >  H 

>        3  #  —  *  ^3  3  O 
OiO— *       H        CQ        > 

co  i-l  H  co  cr;  co  —  |  co 
N»o  «  W  OO  H       \ 

o  £>  0«  co  co  cci ""  o 
i  t-n  u ;  i-n  i_>  iJ-t  o«— I    • 

3  II  CC)QS> 
II    II    II  II 

II  CO  ||    II    II        3 
<-CNCN        O  CNC-Q 

C0WH'~C0CNr~CNC0O 
3OWWWC0C0W3H 

w>>wwoowww 

QC02BP»«C0C0>Qtx; 


o 

CO 

3 

w 

3 


o 

DQ 
CO 


Q 
3 
MM 


* 

* 

* 

* 
* 

* 

* 

* 

* 


* 
* 
* 


o 
o 

VN 


o 

UO 

CN 

C^»^T 


•o 

O 

cj^r 


c_; 


U 


o 
o 

OCT 


OUU      U  c-i  O  ^  cj  cj 


108 


*        H  » 

w                              «:                            »     33  «— 

HCD  a  •*       33                           w    »h  -o 

«a:Z  H                                         H                                    «=8h-|Z  «" 

Mt-i  *        «                                  33CJMM  r~ 

U53  3  •                  W                                  t-t>iS  O 

WO  O  C/J  *         *                          aas  o—s 

Hi-1  «  3             *"                          w       *  on 

<M  W  CJ  *        O                                       *CJ  •* 

so  a  H              en                             »o«  o* 

cm  w  iri  ■»       U                            »-tiim  -^ 

en  «as            co                       oooz  I  o 

OM  co  i-5  *          «•                             COWW 

33  H  S3                  ra                                  ZW3 

t/ltH  W  (J  *        H                                  WQ5  OCT) 

W  tH  H                   W                                    W          >  • 

HCO       ^,  <  #        >                                          *C0  lD   I 

tHW      r-  x  u                 »                              v—  a  en 

|X|P»        +  W  *        '3                                  OTW  UM 

WH        O  01                    CO                                      COCOQ  I    S3 

mw      "■»  m  e-i  #       i«                           ssw3  w 

UU       WW  H                  W                                  W05  U4trl 

U3W       pq  tH  *        W                                  QU|    «•  S3 

UMP5       p>  33       — ,  Z                     *                                           O  W~-~ 

tl(      t—  H  *        M                                  »   *H  tn 

CJW          »  S       +                           CJ                               iDf)W  3* 

H21»»->  O       O  >  *        >                                  C0O|S>Oi  w 

sHCOO  U      v_-  Cm               a-                            ^-.^Ca  m  cm 

W       «aS  EH  05  —*                X  W  ■*           h                                WH     *W  W  ■«■  n 

W       ZDWX  W       Eh                          X                                Qgr-H  W  cD 

P»        XOtMtH  05        CO  W  *         fcH                                         MME3  03  lDO 

H       Q.jjWCO  <C  m2  a                  Z                                     o      W  «C  OO 

«aj      Qmsa           COW  H  #       W                              =}■    «*H    *  M  r-O 

3        SO*3;W  C005C)  tH                   CO— »                              COfs)        W  05  OO 

aj[^«Q  r^w  3  *         w-                       zft    »o  *»J  OO 

W     w     <c  i-lH    *  O             en                      Wn3<-:=*  >  «o 

25        33WW     «  WW—*  05  *         O-iC/)                                 Qfc-iOW  O  O     i 

H       &H33        W  <S--  CQ                   COS                                    ZCOCO  tH           •  O 

H            HBO  H<+  3  #        (Mf^                             vW  O  3  W      <"M  | 

3      W      D>  SinST  'Jl                 WQ                          n      CO  bd       X  + 

O     x;    .a<w  <<g-—  *      05    %                     coss  rscr 

ffl        HC5ZW  >O|(0  W                       «*r-  CO                    Z  <~-     »C0  Q5#  P0  CN        ^, 

03             WH05                   CO  33  ■*         *~0  W                   WO<33C0  Q        *  «""  *         W 

D       WH  StHW  H                  SCO  W                  QSHW  WO  t*        W 

00       W«3C0     ••  <=5O05  *        WW  W                       HZW  W     ro       n^-^      > 

t-liS^t-t  Wl-Ml-M  UJ                    t-IU5  *^                        fctZJWUH  <S>  L0        MM        OJ        ~— T3        t-l 

«C              3  Uti  W  ■«■             *W  M                    WWW3  W                    O                    W        >        a                 I        ««J 

,_iwoou-iuo<»eo              ^:su5  H  ♦  o  w     *  u">     3 

OEhWO  Oir-W              w>ho  <a  N,  <  O^J 

WCQE-|00+H#M                      00H  H  — »  >33*i|2: 

<^^<C  Zi**i>-3  EH                 >WW0O  cH05  O  HO      no            H 

UHH     »H"w'0*tH  ZStHH  Z<t;Of  W       ZOOCNCOOUj       H 

05W  fljqft                          «q  H3U  O^tr-o*11       wzozos       o 

l-MCHM^W  aj  MM  I— I  l-MWuStH««MM  ^-J  <-J  •         I — t         U  i  MM      ||i|(_)W         ^ 

Z>5p»U5             »'W  -a  i_J       »~       M5  O       ?i       r-          1   CDCD       tH  i—l'-M'OC-i        uh 

hm     cj  C305EH  h*wozuh  wld  Mil  n3     ca 

HOs  soa  H             z  05       *  05     «      n  1-55  11  11      a  11  11  ir-    3 

OCm-33     «.  HEhW  O  *        H  mm       a       W  W                        1'—'                H       W                O           CO 

CJ        Q5»—  3MM  C_)                    MO                    W  CJ        W        tHr*        IHW  <;i')^Ujr-#         — 

osaocu  005   *o5*o  cowcq  wisjcon  as     w     n-;cocoa 

oqwoa  w      -^  ra             o                  <o  HH     W  II       ow     Eh      tnaawii  a 

0>05WWW^-0-*       og  WWO  aWHr-oH«5aWWQ  h 

C0HWH  OP5+  CO                  CQ  W       05       ra  H       -=C       3ZZU3       W       WQQStq  fJ 

00a*             —  c/j             yj  h  tn  cj  mm 

HXHO  WWCJ  H  *            *  O                    *  *  #  H                                  W                              * 

UM>a«a;  UM-S  mm  mm  ^5  -35 

bH<5S3  tH«=G  tH  *  M  t-|                                       o 

UCJCJUCJCJOCJ'JCJ^CJ'-'U^              UOO        CJ                          CJ        CJCJCJ  WU<~>  <JU^> 


109 


CN 

33 
H 

25 
W-l 

N 


■* 


en 

# 

CO 

25 

* 

w 

Q 

O 

o 

# 

-a 

1 

"I 

•«■ 

O 

CN 

i— i 

JT 

•* 

H 

CO 

O 

-a; 

CO 

25 

H 

* 

9 

UJ 

w 

CJI 

H 

Q 

O 

* 

U-l 

^^ 

CD 

# 

C-l 

o 

Ed 

« 

H 

I 

a. 

^B, 

# 

<! 

T— 

O 

, , 

^-, 

no 

r- 

> 

tH 

1 

CL, 

CD 

as 

Q< 

Hi 

33 

25 

# 

CO 

Q 

M-l_) 

33 

et 

* 

# 

W 

25 

U 

250 

H 

25 

^n 

w 

H 

* 

H 

Pq> 

25 

cq 

-] 

■» 

25 

Cn 

* 

2 

sa 

W 

o 

H 

H 

^-« 

<< 

•»co 

o 

o 

1 

> 

# 

fcH 

Q 

^ 

25 

C0  3B 

o 

o 

1 

« 

33 

O 

o 

>H 

CO 

r~ 

CN 

-J, 

* 

O 

s 

> 
a3 

Q 

O 

35 

CN 

CN 

33 

* 

# 

3 

w 

s 

OiCO 

o 

o 

33 

Eh 

u-) 

:d 

35 

* 

35 

S=CO 

H 

E-h 

H 

25 

CO 

* 

CO 

H 

uj 

%w 

25 

W 

Z5 

.— , 

CO 

33 

MQS 

O 

o 

W 

*■* 

• 

W 

H 

* 

CD 

Z5 

t-i 

CJL-4 

CD           r- 

CD 

»—  ~— 

UJ 

Q 

tM 

a 

uqco 

>3 

34 

"— * 

S> 

■«• 

H 

QZ 

CO 

Ui 

— -           + 

, , 

+  +  — 

<J 

CNPO 

H 

to 

be  i-m 

V 

CO  + 

033 

*-33 

T" 

Q 

U|li| 

# 

«5 

* 

3 

"— Q 

« 

•■^ 

Eh^TEh 

EHEHCOOjin 

cru-)33  33 

CO 

3: 

"~C* 

w 

%C3 

.25  CO  25 

.25  2:  co  re  CO 

33 

»C0  CO  (HEH 

COCOQ 

■»• 

W 

N 

H 

r-« 

E-IW25  33 

t-l  U-l  33  25  H  25 

H 

tH25  25 

25  25 

«25Qj 

uq 

« 

*  o 

««J 

32  W 

03WUO 

tJ3(JWZ^O 

25 

cjcqu-i  wwo 

Q3WC0 

25 

■» 

UJ 

• 

3: 

W25 

•         «CJLf> 

I 

(JPWQU) 

W 

•QQ 

00 

Dj«li, 

M 

uj 

u^i— 

tnm 

II            o 

II 

C_5 

►i 

II    II  T_ 

ts  je  w-i 

CH 

•«• 

u< 

w 

— '** 

tH           II     II   CN 

c-i 

II    II 

II  IN 

CH   II     II 

CN 

uq 

1_) 

W 

II    II 

33 

> 

25  r» 

25  CN 

II 

CO 

TM 

II    II 

a 

# 

OS 

H 

Oi  II 

3O|C0E-iO 

3  0(Hir) 

coo 

uirn^r  aic^o 

II 

03 

a, 

COh^ 

w 

OXZ2H 

03 

25  CO 

25  EH 

no 

Eh  CO  CO 

33  33H 

»—  r- 

25 

cq 

•* 

COCJ 

l-M 

33 

Ut-t«-(a 

CJ  6-13325 

*l 

Ui 

tS  S5i^  tHtH 

TT-« 

=j 

UM 

W> 

H 

HH 

^QOO 

— zocg 

«o 

33 

— 1 f*J  W  25  25  O 

COCO>-3  35 

CO 

* 

H 

0501 

«: 

-]Z 

W3UO 

wua 

3CD 

H 

qawwo 

W25C0H 

■ 

«sj 

cuco 

>-l 

<IW 

Cm 

&H 

25 

Uh 

KWOW 

# 

h-1 

5:3 

n 

U=e 

H 

H 

tq 

H 

OiQCOiq 

a 

Q 

U 

U 

-i 

-c.                    * 

U 

H 

H4 

m 

H-| 

< 

* 

* 

«; 

CJ 

^ 

o 
in 

O 
O 

O 
U) 

O 

O 

IN 

O 
O 
l'l 

* 

vjcjcn      <~>v_/cj          cj                      cjin 

IN 

U'NU 

CJ<N 

CJCJ 

C^»  CJ  CJ  CJ  U  CJ  CJ 

110 


o    bd 

=        M  X                    * 

HWO  CQ 

OH  tH« 

C0O<S  3Q 

W      H  ^ 

oh  i*  en            * 

WW  OH 

WHO  HX                  * 

C/)«  COH 

Qj  >  O  HZ 

Cci^H  H                 * 

30H  H 

LMU<3  <CH                  * 

H  =*W 

z»«:  * 

(J       H  ZCO 

MtOtH  HM                   * 

H33 

oh  an            * 

sHU  WH 

«      W  H                    * 

O    «cd  cq   i 

tHU-IM  *xui                 * 

<H  3=W 

WX  O                     -J 

aqeqco  H    t 

ts     h  n<w             < 

2:  # 

OJ  W  O  Q  <tj                 -J 

OH2;  3 

!^HH  Oh                ^ 

HS  CQ 

QtfSO  H                     ■» 

U-I3H  Wr 

H     H  rao   1        < 

3ii<J  now 

H<5^  "5|  u           •* 

Z(JW  oqcUH            ■* 

HOS  W  I  o 

OSH  Qr-»«aS            ■» 

con  ^o 

M          •  COCOW             -J 

1-M-uCJ  25e-»            ■* 

H       D  ZHH            ■* 

HSO  H«0 

noz  ho           •* 

cj:e«4  ohz 

cq      H  OWO           ■» 

CQiK  CdQ3H 

raws:  cq     co         * 

coco*^  awco 

CO       H  U*J 

t-ttnU-i  tiWlUi            f 

f 

t~)  o  (J  U  CJ  O  O  u  ej  U  <u  <u       OCJCJ 


» 

00 

-0 

r- 

a 

t— 

» 

O 

CN 

O       * 

HI 

O 

* 

•        r— 

r- 

O  ^-v^1 

w 

.^ncN 

h 

1    *  rn 

u 

*  O 

om 

*-^-%—} 

*UJ 

OOO 

t-     % 

t     iO 

cs> 

lOlDO 

»t-4 

aim    1 

C7>  W 

0 

HU-l 

l    1 

*   * 

+ 

ou> 

>> 

P*U» 

UHlA4^-> 

*w 

WHO 

CQ> 

HH     » 

*    % 

s>-'     ID 

m> 

f^ 

XH 

*  * 

%W 

1 

rsn— 

mrs 

XH 

'X>fO> 

_^ 

■»   » 

r-iDH 

<"o 

T-  2» 

00  W 

w 

»H 

OOH 

% 

»W 

tO  ^-*o  ^-<. 

> 

CTH 

OO          iO 

a* 

X    * 

O-*  O     1 

O 

w 

«.H 

1    O        Ot- 

O 

Qm 

^H 

•  CTiO 

on 

* 

XQ 

3-orsj^-  1 

orn 

> 

*x 

rn      en  N. 

r— 

H 

CN)       «» 

r-  +  i"N  .— ^^ 

C0Q 

W 

r^ 

XH 

1     on* 

H 

> 

co 

25 

*H 

, , 

noogo*  * 

O 

N 

l-M 

h 

T-t_J 

WJ 

P» 

NU    ~— *     O*      --N 

HCJ 

J> 

H 

vO 

XX 

W 

H 

T—           ■«■         1  ,-0* 

O 

H 

W 

sa 

H 

UJ 

•  ■*   ^,0  O  H 

O 

H 

■  «=5 

* 

Zl 

H 

»~ 

fO       C3           «  H 

o-> 

r- 

H 

LD 

O 

< 

O 

tq 

r-  0   .  +  lo  > 

T"» 

r- 

H 

« 

2: 

H 

H 

O 

2: 

CN     ten       CM\ 

, , 

O 

■~-* 

«=C 

* 

co 

T— 

33 

O 

H 

OcDuO       00 

O       • 

+  cT) 

E> 

> 

a 

H 

« 

<5 

O 

H 

IO       r-    |    >. 

H 

r— 

H 

» 

O 

> 

> 

O 

=) 

0  1  cr     ~— <— 

•  cjaVNro 

WJ 

*J 

r* 

KH 

IN 

t 

<_j 

CJ 

?>CJ        Ul^>"=-" 

_J<     •  l-M 

'  J 

*=q 

^M 

H 

T 

P»i 

<^j 

• 

r— 

H 

i-M* >  s>u>  m       + 

tM 

u 

W 

cq 

O 

H 

W 

LP 

O-T 

X 

cq 

cqmoj    iu« 

•  CN   l| 

II  H 

2: 

O 

O 

cq 

id 

It      1 

3- 

3 

rr-WQH        <— 

n 

H 

O 

H 

W 

W 

1 

O 

r-OC 

CO 

HOH' "QO^ 

CN—ITMrNlO 

W 

i-q 

H 

O 

W 

r^ 

(-* 

"— ■* 

r™  *-* 

0      X 

-~3  (j 

3 

H 

H 

PQ 

cq 

CS 

Oj  11 

II     II 

II  > 

II                  II           II     II 

— lil 

O 

«q 

a 

H 

H 

II 

O 

H 

2; 

II 

H 

M 

W 

w 

O 

s 

H 

Or 

Cn|C\1 

r-cq 

H 

=1-               O        Olr- 

H 

CQ 

03 

m 

Q 

H 

*A 

25 

Hxx>- 

O 

XPQ        >        H« 

H 

UJ 

«3 

M 

H 

CO 

H 
CJ 
u-« 
H 

* 

H 
M 

H 

*         * 

O 
O 

uucj     0         u     uuo 

1 

CJCJ^1      r1)                           U 

111 


o 
o 


CM 

* 
* 

O  X 

m 

fcH  * 

— ,  tsj 

>  ■* 

CH  CN 

U-l  35                  i— 

Qj  —                rn 

\  NO 

,-»  o           o 

>  .  o 

Oh  r-                       I 

w  o 

cm  + 

+ 

r-s                   on  ca                       #             =t 

x\                   >•  w         -^           •*             x 

,-.                      ■—  h          CP              r- 

l  «-                        —  I                              tS)                | 

pi                        c/j  in          * 

IN                                 Cq  *                  rrj                  ^. 

XI                      «:  pq         oo.     ,->                    x             > 

— »    .                          {j  33           s»      in      v«                ~-i_u 

\>  eh                5a     25                           w 


«—  W  tH  M  *  LT)  S  l-M 

>-tOi  cd                o  o  >3o     =s*  Q5  ^«N         ss 

<~_>         |               C_?  t—  «;        MMC-tf UiN  eri  \u                    fl 

l^tU              +  <T)CJ  (^INl'll^l'MM  (J  P>Uj         N,    t*  u>t  *-> 

X      O      (N      XO  OiXXP-iX  W  \OI  i  o»- *  O  •                *>J 

en     (Non     >t»-     m  en      o                  O  S3  aotn        «wO  »~  nr-          05 

CUW-3           ~-^X  II  Cm      O  II   II    II    II  H  O  >QSr"  I   U  33  ^—Wz;      CQ 

O                          O  t-H  U3        S3 

II  >  II  H      II  ll  >H  II      *— <-cn»-CnIO  W  11   11  11   ll  11   11  W  II   11  3      en 

a.                       Oj  XXS«>iO  tH  H  Eh      w 

^HTO       EXHCJ  ?-•      H  H  NUZZ2W  H  Wuqo;       Q       Q 

H  N 

O                       O  O  i_/  O  l_> 

O                     U)  o  o 

r—                         «—  in  If  I 


112 


IIST    Of    EZFEfiSNCES 


1.  G.       K.      Hartmaxr.    and    I-       G.       Hill,    Editors,      Urder  wa  ter 

■^liiijion      Sesearch,       _A Com£endi_ura o  f      Brilisji  i    an 

Inencan    AeporTs,    "Toluae   I,    "^Tne    3"nocl<   7av€,TI   Cmce 
01   TiavaT    Research ,    1950. 

2-  E.         H-         Cole,  Underwater Explosions,         Princeton 

University   Press,    19TS. 

3.  J.  a.  Eichardscr,  A.  E.  Arons,  and  E-  E-  Halverscr, 
"E ydr cdy namic  Properties  cf  Sea  Water  at  the  Frcrt  of 
a  Shcck  Wave,"  Journal  cf  Chemical  Physics,  Vciuie  15, 
pp.    ^58-794.     1S377 

4.  Naval        Postgraduate         School        Eeport        NP S67-S2-0 C1 , 

C  c  n  £  u  t  er  _    _?rgcram         for Calcu.lat.in3_ H  y  d  r  c  d  y  r.  a  1  i  c 

T-icperTies   or    -5ocOav6£_in_iea_Hat_er,    ry    A.    1.    Tuns, 
1   TeTruary    T9"B2 . 

5-  G-  F.  Kinney  and  X.  J.  Graham,  Explosive  Sleeks  in 
Air,  2nd  Edition,  Naval  Postgraduate  ocncci  Press, 
T5*E3. 

6.  M-  Hclt  and  J-  Elores,  "Shock  Interactions  with  the 
Ccean  Surface,"  Physics  of  Fluids,  v.  25(2) ,  February 
1  S  £  2  .  

7-  J.      S.       Ecwlinscn,       liquids ^d_Lij1uid_Mix_t  u  res ,       2nd 

Edition,     Plenun    Press,    T5b~5. 

6-  A.  E.  Shapirc,  The  Dynamics  and  Thermodynamics  cf 
Cc  a  ^r €ssih le  Fluid  Hc«,  Tolume  II,  ~Tne  Herald"  rress 
£ciipany,    T'So'*!. 

S-  E.    J.      Maclennar,    Principles    of    Programming'   Languages: 

^-i^Sx-^valuation^L^IiEiefflentaJion,    Holt,       Birenart 
ana    Winston,    15"E3. 

10.  Z.       Kcpal,         Tallies    of Supersonic_Flow      Ac  ounc    Cones, 

Massacnusett s   Trstitu  te    cr    TTecnnoIog  v ,    ~T"9~4~7 . 

11-  H.         W.       Liepmarn      and    A.         Rosnxo,         ^is^lsliiJ-Cf Gas 

Lyrajiics,     Wiley    and   Sons,    1957. 

12.  Em      Franke    and    G.         Nielsen,       "Smooth   Inter pclaticn    of 

large    Sets      of    Scattered    Data,"       international    Jc  una! 
•for    Numerical    Methods    in    Engineering ,    v.     13,    T5~ETJ . 


1  1 


BIBIICG5AFBY 


Integrated    Software    Systems    Ccrp oration,       Discla/     Integrated 

~2£iJ»aIS      2\stem a n  ci  i  E 1  o 1 1  i n g lan^ua  je "ilH^TTIJ        ^i^r^s 

Manual.  TS"5  "1- 


Moore.  Jchn  B. 


and    Ieo    J.       Mafcela,       Structured   FCET5AN    with 
mi- any , 

finite,    Fiank   H.,    Ziuii3_M€chaiiicsx    McGraw-Hill,    13  7 S  - 


SATFIv,    Peston    Publishing   Ccm]-any,     19B7; 


114 


IHI2IA1    DISIEIEDIION    LIST 


6. 


7. 


e. 


s. 


10. 


11. 


Defense   Technical    Information    Center 

Camercr   Station 

Alexandria,    Virginia         2  2  i  1  4 

library.    Code    0  142 

Kaval    Postgraduate    Schccl 

Ecnterey,    California         95943 

Professor    Allen    E.    Funs,    Code    67 Fu 
lepartnent    of    Aeronautics 
Naval    Postgraduate    Schccl 
Ecnterey,    California         9^543 

II  latrick  5.  Etches 
15  3  17  Edgehill  Erive 
Eumiries,    Yirgiria      22026 


No.  Copies 
2 


Er.  Michael  P.  Hughes 
418C  U.S.  23  North 
Ecgers  City/  Michigan 


49779 


firs.    Herbert    J.    Eircnman 
75  15    2  8  th    Avenue    N.E. 
Seattle,    Washington      98115 

Eefense   Advanced   fieseaich    Projects    Agency 
ESC.    Er.    W.    Snoicen 
1 40 C    Wilson   Boulevard 
Arlington,     virgiria      2220S 

Chief    cf    Naval    Materiel 
HA1-C716,     A.    Faulstich 
Kashington,    D.C.      20350 

Ccmnancer,     Naval    Sea   Systems    Command 
IMS-4C6.    R-    W hit  nan 
Washington/    D.C-      20361 

Ccmnancer,     Naval    Eea    Svstens    Command 
SEA-6  2E3,     F-    Romano 
Washington/    D.C.      2036  1 

Commander/    Davie    W.    Taylor    Naval    Ship    flSE   Center 
Cede    175/     J.    Sykes 
Eettesca,     Maryland      20084 


12-       Eyna    East    Corporation 
Er.    Pei   Chi   Chou 
227    Hemlock    Roac 
Wyrrewcod,    Pennslyvania 


19096 


13.       Eattelle    Columbts    laboratories 
Er-    E.    D.     Trott 
505    King    Street 
CclumhuS/     Ohio       43201 


1  1 


14.  D.  R.  Kennedy  Associates,  Inc. 
4940  El  Camino  Real,  Suite  209 
P.O.  Box  4003 

Mountain  View,  California  94040 

15.  Zernow  Technical  Services,  Inc. 
425  West  Bonita  Avenue,  Suite  208 
San  Dimas,  California  91773 

16.  S-Cubed 

Dr.  R.  Sedgwick 

P.O.  Box  1620 

La  Jolla,  California  92038 

17.  Honeywell,  Inc.  U.S.D. 
Phil  Kilpatrick,  MN  11-2360 
600  Second  Street,  N.E. 
Hopkins,  Minnesota  55343 

18.  Systems  Planning  Corporation 
Tom  Hafer,  6th  Floor 

1500  Wilson  Boulevard 
Arlington,  Virginia  22209 

19.  Lawrence  Livermore  National  Laboratory 
Milton  Finger,  Mail  Code  324 

P.O.  Box  808 

Livermore,  California  94550 

20.  Los  Alamos  National  Laboratory 
C.  W.  Mautz,  J960 

P.O.  Box  166  3 

Los  Alamos,  New  Mexico  87545 

21.  Officer  in  Charge 
White  Oak  Laboratory 

Naval  Surface  Weapons  Center  Detachment 
Attn:  Mr.  Donald  Phillips,  Code  RlOA 
Silver  Spring,  Maryland  20910 


116 


13      375 


/'0253 


Thesis 

H85783  Hughes 

c.l         A  computer  program  to 
calculate  the  super- 
sonic flow  over  a  solid 
cone  in  air  or  water. 


210259 


Thesis 

H85783  Hughes 

c.l         A  computer  program  to 
calculate  the  super- 
sonic flow  over  a  solid 
cone  in  air  or  water. 


thesH85783 

A  computer  program  to  calculate  the  supe 


3  2768  002  13226  8 

DUDLEY  KNOX  LIBRARY 


